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successively later times in the bit se-
quence. Thelower waveform of each pair
is thought of as the effective flux seen by
the windings on the recording head. It
is seen in the waveform at () that in
spite of the overlapping of bit cells by the
recording field during writing, a repre-
sentation of the bit sequence is apparent.
The time, or space, derivative of flux
shown in (j) is easily interpretable by
associating positive peaks with ones and
negative peaks with zeros at one-bit
intervals, where the phase of the peaks
has shifted to the left by about one-half
bit cell with respect to the writing wave-
form. The waveform of () is that of the
voltage across an idealized reading head.

Note the positive monotonic drift of
the flux pattern in (¢) in the region of
three ones, giving rise to the symmetrical
lifting of the short-term average level of
the waveform in (7). This observation
makes plausible the waveforms to be
considered next. '

The previous remarks serve to indicate
the purpose of one test procedure used
to establish the reliability of tracks on
production HD File Drums. The test
consists in part of recording blocks of
random information on a track at a
writing current that is 159, greater than
the nominal, followed by a single asyn-
chronous over-writing of random informa-
tion using a writing current that is 159
less than nominal, followed by an appro-
priate interval of errorless reading. The
writing amplifier is designed for a maxi-
~mum long-term current fluctuation of 5%,
but the additional margin established by
the afore-mentioned test allows for the
variation of other parameters that are
interpretable as effective writing current
changes.

Self-Clocked Reading Method

Some key waveforms and pulses that
occur in the present self-clocked reading
circuit are shown in Fig. 12. An earlier
method of self-clocked reading was given!®
that required sufficient short-wavelength
resolution to produce crossovers of the

reading waveform at the center of each
The self-clocked timing phase
derived from bit # in that case was re-
sponsible only for the reading of bit
n+1, whereupon a new timing phase
The requirements on
the short-wavelength resolution of the
drum and head are relaxed in the present
method as evidenced by the typical read-
ing waveform of Fig. 12 in a region of like
Advantage is taken of this improve-

bit

became available.

bits.

ment to increase the bit density and the
writing current.

cell.

Fig. 12. Key Waveforms oc-
curring in self-clocked reading

circuits

Since no angular rotational reference
is available in a completely self-clocked

system, it is therefore necessary to mark
the beginning of a block of information
with a distinctive  code so that serial bits
may be appropriately grouped into char-

acters.

A block start code consisting of a se-
quence of alternating ones and zeros was
chosen for this purpose, where the length
of the sequence is made longer than the
maximum length (11 bits) of a similar
pattern that can ever occur within a

bit sequence.

block of valid characters. This detection
operation is performed by using base-line
crossover pulses derived from the sym-
metrically limited reading waveform.
These are shown in Fig. 12 for a sample

The distinctive property of the cross-
over pulses associated with an alternate
one and zero region is the one-bit time
interval between their occurrence. Detec-
tion proceeds, therefore, by commencing
to count the minimum  number of cross-

over pulses P, indicative of a block start
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Fig. 13. Logical diagram of the basic start-code detection and self-clocked reading circuit
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Fig. 14. Track structure on file drum as used in the DIANA

system

code (15 in practice), as shown in the
logical diagram of Fig. 13. The start

code search phase is initiated by a read-’

start pulse that sets FFI. Logical cir-
cuits operating on crossover pulses are
then employed to produce counter reset
pulses whenever the interval between
successive pulses ~ differs greatly (5/4
t,<T<3/4 tp) from one bit time, ,. In the
region of three ones in Fig. 12, for ex-
ample, the time between two successive
Py pulses is T>5/4 . The last P,
before the long interval therefore sets

 FF4 in Fig. 13 when it emerges from delay

\

line 4 at the 3/4 &, tap. A new P, has
not yet occurred to reset FF4 by the time
the same P, arrives at the 5/4 #, tap, so
it passes gate GI10 and buffer B3 to reset
the counter.

The circuit in Fig. 13, consisting of
FF3 and G9 similarly operates to reset
the counter in the event of two distinct
P,, pulses occurring less than 3/4 #, apart.
This would occur, for example, in the
middle of the five zeros region of the
waveform of Fig.. 12.  The circuits to
the left of delay line 4 act to reset the
counter when a P, is formed that is not
connected with an alternation in the
bit sequence, as between the first two of
the five successive zeros in Fig. 12. The
circuit accomplishes this by sensing for
a reversal in the sign of the limited-in-
formation waveform, 1, after a P, has
occurred.

When the counter reaches the pre-
established minimum count, it emits a
pulse to reset FFI and the circuit enters
the reading phase. Reading is accom-
plished by sensing the polarity of the
limited information waveform in G11 and
G12 with a sampling pulse P, that emerges
from delay line B. The P, pulses initi-
ally are entirely due to P,, pulses, delayed
by 6/4 t, to position them at the peaks of
the information wave. This is true
until the second of two ones occurring
toward the end of the block start code,
after which there is no P, to use for the
next information sampling. Note that
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information is being advanced at bit
intervals from FF5 to FF6 by GI3 and
G14 at P, time. A comparison of the
nth and (n-+1)st bits is continually being
made for disparity by GI5 and GI6 at
P, time setting FF7 and keeping GI open
for delayed P,, pulses to enter delay line
B. The situation of a double one is there-
by saved because FF7 remains reset from
the P, input, and allows P, to pass G2
and recirculate in the one-bit delay line,
B.

The same regeneration of sampling
pulses occurs in the case of the three one
and five zero regions of Fig. 12, except
that a longer period ensues before a
fresh crossover phase is found to sub-
stitute for the recirculating pulse. The
origin of sampling pulses is indicated
schematically by arrows in Fig. 12. The
last line of pulses corresponds to the
output of GI1.

It is seen that a double one heralds the
end of the block-start code, where in
addition, an extraneous zero occurs be-
fore information begins. The appro-
priate logical decisions necessary to read-
ing can be derived from the three outputs
at the bottom left of Fig. 13. It is also
clear that there is merit in choosing a
character code that minimizes, insofar
as possible, the maximum number of
like bits that can occur in sequence. This
was accomplished in the application of the
HD File Drum in the DIANA system by
using an eight-bit alphanumeric code con-
sisting of combinations of four zeros and
four ones. By eliminating 2 of 70 pos-
sible codes the maximum number of
successive  ones or zeros is thereby re-
duced to 6 which is a practical interval
over which to recirculate a self-clocked
timing pulse.

By eliminating the two alternate one
and zero codes, the maximum number of
alternating bits is reduced to 11. Note
that the eight-bit code has the potenti-
ality of a redundancy check that exceeds
somewhat the value of an ordinary parity
bit.

REGBTER SELECTOR

START GODE
GENERATOR

Fig. 15. Block diagram of file system .

Drum File System

Fig. 14 illustrates a track structure
that was established for use in the DTANA
system. In the initial formation of a
track, alternating ones and zeros are
written for something longer than one
drum revolution time. A ‘‘stationary”
block and the first information block,
complete with start code, are then written
in a continued fashion without losing the
recording phase established by the alter-
nating zeros and ones. Successive pairs of
stationary and information blocks are
written on subsequent drum revolutions
where information concerning the time to
commence writing is furnished by read-
ing the previously written block and not-
ing its termination. The structure of the
stationary block is shown in Fig. 14 and
it differs from the start code of an infor-
mation block largely in that it ends soon
after a double zero instead of a double
one. The stationary block is so named
because it is never rewritten uuless the
entire track following it is rewritten as
well.

It will be noticed that a stationary block
is placed between each information block.
Stationary blocks are used in rewriting
information blocks to indicate when the
block to be rewritten is about to begin.
Fig. 14 shows the last two characters
of an information block to be comprised
of a special 8 code indicating the end of a
block, followed by a digit character in-
dicating the number of the following
block. The tagging of a block by the
last character of a preceeding block is
done to eliminate the necessity for read-
ing any portion of a block prior to re-
writing, since the reading waveform tran-
sient introduced by commencing to record
within a block would render the rewritten
block unreadable.

Stationary blocks are used in a com-
pletely self-clocked system to prevent
the slow positional migration, after much
rewriting, of blocks on the track. This
would occur in the absence of stationary
blocks since they would be positionally
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dependent in being rewritten with ran-
dom contributions from speed variations
of the drum surface. Even using station-
ary blocks, a guard space must be left
between blocks to allow for the case of
initially writing a block at a time of mini-
mum surface speed, and rewriting at a
time of maximum surface speed. The
guard space depends not only on the
maximum fractional speed variations but
also on the maximum block length that is
allowed. A similar space allowance must
be left between the last block on a track
and the first.

It is the use of stationary blocks that
enables the HD File Drum to be adapted
to variable word and block length organi-
zation without wasted space, except for
that consumed by stationary blocks.
Note that while wholly variable block
lengths are possible in the initial forma-
tion of a track, a block must not be in-
creased in length thereafter without re-
forming the entire portion of the track
that follows. A system using fixed
block markers on an auxiliary track has
been worked out, however, that dispenses
with stationary blocks. The system is

particularly valuable for fixed block
organization.

Fig. 15 shows the major elements of a
file system which uses HD File Drums.
Output and input arrows at the left run to
and from the controlling computer. Code
converters are used to transfer between
the balanced eight bit code of the file, and
the system code if it is different. The
output information is shown on two alter-
nate lines. Omne method uses a buffer
store that posesses the capacity of the
maximum block length to be transferred
and that is operable from either the system
clock phase or the self-clocked phase
depending on the operation being per-
formed. The alternative method uses a
smaller capacity synchronizer that ac-
cepts information at the self-clocked
phase and passes it on at the system
clock phase.

The size of the synchronizer in the latter
case is dependent upon the allowed maxi-
mum variation in the phases of the two
clocks, as well as on the maximum block
length to be transferred. One form of
such a synchronizer was previously
described. 1
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Transistorized Modular Power Supplies

for Digital Computers

THEODORE C. GAMS

NONMEMBER AIEE

OWER supplies for digital computers

are characterized by unusually rigid
reliability requirements.  After reli-
ability, size and cost are the next most
important considerations. Simplicity of
design and ease of servicing are considered
as part of the reliability problem, since
computer down-time, particularly in
large installations, may cost from $10.00
to $100.00 per minute. In military

digital computers, reliability may be of

incalculable value.

The design of high-reliability digital-
computer power supplies is made practical
by the relatively poor regulation perform-
ance that may be tolerated, of the order
of £19, to £109%, in contrast to analog
computer and telemetering system power
supplies, which require regulation per-
formance on the order of =£0.019% to
+0.19,.

In order to evaluate a power supply
meaningfully in terms of regulation, how-

ever, it is necessary to construct a defini-
tion of “total regulation.” The total
regulation of a power supply includes the
following factors:

Static load regulation.

Static line regulation.

Dynamic load regulation.

Dynamic line regulation.
Peak-to-peak ripple.

Thermal drift.

Interaction.

0 NS ;e e

Long-term stability.

When total regulation is so expressed,
the circuit designer may then assuumne
that, under the worst possible simultane-
ous combination of all these factors, the
power supply voltage can never fall be-
low a predetermined minimum or above
a predetermined maximum value. Fig. 1
readily illustrates the concept of total
regulation.

Gams—Transistorized Modular Power Supplies

The transistorization of digital com-
puter circuitry has led to three unusual
complications of the power supply design
problem.

1. Transistor circuits demand very much
lower voltages, and relatively higher cur-
rents, than vacuum-tube circuits performing
the same functions. The resultant lower im-
pedance level required of the power supplies,
therefore, reduces the advantages gained by
the lower total power requirements of
transistorized equipment, and may actually
increase the power supply size, weight, and
cost over those formerly required. Table
I contains a typical comparison example
for reference.

2. Since transistorized circuitry is very .
much more compact than equivalent vac-

uum-tube circuitry, the power supply is

often the largest element in the system, and

can often be several times as large as the

computing element it powers. Thisleads to

attempts to miniaturize the power supply,

often at the expense of reliability and

economy.

3. The efficiency of the power supply is
now of much greater concern than it was
previously, since it is often responsible for
more heat dissipation than all of the actual
computer circuitry. This condition was
seldom encountered before transistors and
magnetic-core storage were adopted for
digital computer use.

THEODORE C. GaMms is with the NJE Corpora-
tion, Kenilworth, N. J. ’
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Table I.

Comparison of Typical Digital Computer Power Supply Requirements:

Vacuum-Tube Versus Transistor Circuitry

Vacuum-Tube Computer Circuitry

Transistorized Computer Circuitry

Approximate Approximate
d-c Internal Total d-c- Internal Total
Voltage Current Impedance Regulation Voltage Current Impedance Regulation

Volts Amiperes Ohms + % Volts Amperes Ohms + %
+200........ 4.0........ 1.6 ..., F: +30 ........ 12.0........ 0.075........ 3
+150........ 6.0........ 0.75 ........ E SN +12 ... 24.0........ 0.015........ 3
+30 ........ 5.0........ 0.3 ........ [ J, +6.0........ 12.0........ 0.025........ 5
+10 ........ 5.0........ 0.1 ........ 5. ... +2.0........ 10.0........ 0.02 ........ 10
—-3.0........ 7.00....... 0.043........ 10......... —-2.5........ 6.5 ........ 0.038.......; 10
—30 ........ 3.0........ 0.5 ........ 5.0 .. -6.0........ 7.0 . 0.043 ....... 5
—150........ 50........ 0.9 ........ ... —18 ........ 4.0 ........ 0.135........ 3

Total Power =2,761 watts
(Heater Power = 2,200 watts)

Total Power =870 watts
(No Heater Power)

Relative Power Ratio: 3.2:1

Relative Size Ratio:
Relative Cost Ratio:

2.2:1
1.1:1

Three Modern Power Supply
Techniques

The general acceptance of germanium
transistors as reliable devices, when prop-
erly derated and pretested, has per-
mitted the use of efficient, compact, series-
regulated and shunt-regulated power sup-
plies for voltages as high as several hun-
dred volts, currents as much as 200
amperes, and power levels up to and above
2 kilowatts (kw). Recent circuit im-
provements have realized complete free-
dom from overload and short-circuit fail-
ures. Fig. 2 illustrates a typical series-
regulated transistorized power supply.

In many applications, particularly when
a multiplicity of closely-spaced voltage
levels must be furnished to a variety of
loads, the transistorized shunt-regulator
technique may be more attractive than
the series-regulator technique. This con-
figuration eliminates the necessity for
protecting the transistors against short-
circuit or overload stress, and permits
operation from a common unregulated
supply. Fig. 3 shows a typical shunt-
regulated power supply, and Fig. 4 illus-
trates a ‘typical array of several shunt
regulators operating from a common un-
regulated supply.

When the regulation allowance is suffi-
ciently broad, and/or the size allowance
permits, brute-force circuitry still offers
practical solutions to power supply re-
quirements in the 5-to-500-volt region,
particularly when line transients and line
frequency variations are not severe.
Modern ferro-resonant line regulators are
available with greatly improved transient
characteristics and ‘‘constant-average”
rather than ‘‘constant rms” adjustment,
which greatly facilitates brute-force de-
sign practice. Fig. 5 shows a typical
brute-force supply.

Recent developments indicate that
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there is a promising future in certain
digital computer power supply systems
for the practice of “floating” nickel-
cadmium batteries across the output of
brute-force supplies in place of massive
capacitor banks, to achieve low dynamic
impedance, freedom from line-transisent
regulation, and, under ideal conditions,
the ability to complete a problem after
total line failure.

When neither brute-force nor a pure
transistorized technique is applicable, a
third circuit has found favor. This em-
ploys the same kind of transistor correc-
tion amplifier employed in the pure
transistor circuitry, but substitutes mag-
netic-amplifier gates for the power transis-
tor séries or shunt regulators. By de-
signing the rectifier plate transformer

TOTAL REGULATION—Point N is roted ouput voltage ot
nominal (average, or expected average) lood. N is often, but
not necessarily, taken at 509% load.

Slope of Line (A) describes static (slow) lood regulation at fixed

{nominal) line input.

Lines ond indicate, by their spacing from Line @,
the static (slow) line regulation ot all loads within rating.
Line superimposes on line the peak ripple excursion in
one direction, at each load current. Similarly, Line rep-
resents the opposite polarity of peak ripple.

Lines (E) and @ odd the transient line_requlation components
{only) which result from the largest instantoneous fine voltage
changes: for which the supply is rated. See graph below-

== _ LARGEST INSTANTANEOUS LINE STEP
FOR WHICH THE SUPRLY IS RATED

LINE
VOLTAGE [}

—. TRANSIENT COMPONENT OF

oo __[\:: Z I ascuanon ke 0
vouaee | T T T~ 2\ suarc coupoment o
REGULATION (55t LM (D

Lines @ and add the transient lond regulation compo-

nents {only) which result from the lorgest instantaneous load
change for which the supply is rated. See groph below:

-

— — — = STATIC COMPONENT OF REGULATION
_:\_ﬁ 1set UNe®D)

\TIANSI!KI COMPONENT OF REGULATION
wne @)

TN\ LARGEST LOAD CURRENT STEP

LOAD CURRENT — FOR WHICH SUPPLY IS RATED

QUTPUT VOLTAGE

Fig. 1.

Table ll. Comparison of Typical Digital
Computer Power Supply Designs: Cost, Size,
Weight, Versus Power-Line Frequency

Supply Under Consideration Has 16 Qutput
Levels, Total Output of 6,200 Watts, Average
d-c Impedance Level of 0.02 Ohms. Average

Load Dynamic “Step” Is £920%. Line Dy-
namic Step Is =10%: Transistorized Circuitry
Throughout
Cost Size Weight

Dollars

Cubic Feet Pounds

At 60 cycles

persecond...... 11,000...... 40 ...... 2,000
At 400 cycles ‘

persecond...... 6,900...... 19 ..., 800
At 800 cycles

per second. ..... 6,600...... 17 ... 700
At 2,000

cycles per

second.......... 6,700...... 15.5...... 610

appropriately, the short-circuit current
can be limited to protect the rectifiers,
permitting dependence on primary circuit
breakers or fuses. Is some cases, protec-
tion may be omitted entirely.

Effect of Input Frequency—Motor
Alternator

Freedom from severe line voltage fluc-
tuations, and relief from the effects
of momentary line failures, can be
achieved by the introduction of a motor-
alternator set of adequate rotational in-
ertia between the power line and the
power supply system. In addition, the
power frequency may then. be raised to

—

TOTAL REGULATION
(NOT INCLUDING DRIFT)

o — e

J—

NOMINAL
ouTPUT, AT
INOMINAL LINE
AT NOMINAL

I
"NOMINAL
L0AD

LOAD CURRENT
TOTAL REGULATION

w
O
<
-
ot
o
>
-
=}
a
Lo
=
o

f——

MAXIMUM

RATED LOAD
T

MINIMUM |
RATED L0AD

NOTES:

. Lines on this chart ore not necessarily straight, parallel, or
equidistant.

2, Drift, manifested by a gradual vertical shift in the entire
pattern as o result of temperoture changes, oging of com-
ponents, or reference instability, is not included. .

. Line frequency and/or waveform changes, if present, will
add odditional regulation comporients.

. Shaded areo is locus of all possible ovtput voltage-current
conditions whith can oceur . . . unless transient load or line
steps can overlap odditively with previous load or line steps,
before recovery curve is substantially complete.

w

-~

Concept of total regulation
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Fig. 2. Typical series-regulated transistorized power supply

400, 8CO, or even 2,000 cycles per second
(cps), greatly reducing the size and cost
of the rectifier, filter, and regulator ele-
ments. Modern motor-alternators do not
require the elaborate maintenance tech-
niques normally considered necessary for

older machines, and the acoustical prob-

lem has been successfully solved. Over 5
kw, the motor alternator almost always
pays for itself in reduced power supply
cost, and should be considered for its
many other advantages. Modern tube-
less voltage-regulating circuits are avail-
able to hold the alternator frequency and
output voltage within close limits, over
wide ranges of load and input voltage, and
the response characteristics of these reg-
ulators is often better than the response
of static line regulators of comparable
power capacity. Table II illustrates
some of the advantages of motor-alterna-
tor applications.

Modulization

Analysis of almost any set of required

voltage and current levels for a computer -

load will suggest to the designer that cer-
tain basic circuits and groups of compo-
nents are repeated with little or no varia-
tion from design to design.

It will further be noticed that the num-
ber of unique designs can be reduced by
producing flexible modules, each cover-
ing a number of different desired voltage
levels, at current ratings and with regula-
tion characteristics which will satisfy

all the requirements of each voltage level.

The individual ranges may be made
manually selectable by taps or switches,
or automatically selectable by proper
wiring of the socket into which a module

plugs. Ranges may be extended by
adding additional pluggable (series or
shunt) regulator elements.

The process of selecting the minimum
number of economical, reliable, easily

Fig. 3 (left). Typi-
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cal shunt-regulated
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>
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Fig. 4. Typical array of several shunt regulators operating from a commen unregulated supply
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Fig. 5. Typical brute force power supply

maintained modules to cover a set of re-
quired outputs involves a very: delicate
balancing of many factors. It can be
influenced by as abstruse a consideration
as the cost of preparing elaborate instruc-
tion-manual literature on the smallest
number of circuit configurations.

In most regulated systems, it is practical
to design one universal correction ampli-
fier, incorporating a suitable reference
power supply, as a standardized plug-in
submodule for all regulating circuits in
the system. Another common plug-in
sub-module is a power transistor array
mounted on a pluggable heat-sink. A
typical “universal” amplifier is illustrated
in Fig. 6. In this instance, it was con-
sidered desirable to mount the amplifier
power supply, as well as a universal-out-
put control circuit, on a separate (plug-
gable) chassis, shown in Fig. 7. This
chassis provides the choice of locally or
remotely controllable marginal-checking
facilities, as well as remote sensing, etc.

Through the use of modern moduliza-
tion techniques, one recent large transis-
torized computer power supply system
provided more than 150 outputs from only
11 basic designs. Analysis of the ex-
pected component life of that system in-
dicates that 859, of all anticipated fail-

ures can be corrected by substitution of
one or more of only three of the 13 sub-
modules.

Distribution, Circuit Blocks, Load
Protection

Certain precautions (e.g., protection
against reversal of voltage due to in-
advertent short-circuitry of a positive
output lead to a negative output lead),
are necessary in connecting the power sup-
ply system to the complex load geometry
common in modern high-speed digital
computers. If these precautions are not
observed, catastrophic failures of thou-
sands of transistors, diodes, or core assem-
blies can occur.

Further, the low internal impedance
that has been painstakingly designed into
the power supplies can be multiplied many
times by the distribution system. Trans-
mission lines having characteristic im-
pedances of the order of 100 micro-ohms
are not uncommonly required.

Intolerable interaction can occur if the
distribution system is not properly de-
signed

|

Hwn

If the distribution problems become
too difficult to handle with large “‘central”
power supplies, a common solution is
found in the (noncritical) distribution of
unregulated d-c power, with smaller
modulized regulators located at each of
the several racks of load equipment. In
this instance, a system such as that out-
lined in Fig. 4 is often preferable.

Proposed Definitions of Computer
Power Supply Electrical Parameters

These definitions were prepared by the
NJE Corporation for consideration by the
National Electrical Manufacturers Asso-
ciation Subcommittee on Computer Power
Supplies, ‘Semiconductor Sectiomn.

REGULATION

The regulation of a power supply is
defined as the algebraic sum of all the
components listed, measured individu-
ally, with all uninvolved . parameters
held at nominal. For convenience, a
“norm value’’ of output voltage is selected
at nominal input conditions, with all
other supplies in the system inactive, at a
nominal load current, arbitrarily selected
as the average of the maximum and
minimum load rating, at nominal ambient
temperature. Positive-going voltage vat-
iations from the norm are considered as
positive regulation components, and nega-
tive-going voltage variations from the
norm are considered as negative regula-
tion components. The total regulation is
then stated as *‘plus or minus’’ a given per-
centage, and it is understood that the
arithmetic sum of all positive regulation
components must be less than the given
percentage, and the arithmetic sum of all
negative regulation components must be
less than the given percentage. Defini-
tions of the individual components follow:

Fig. 7. This control chassis provides the amplifier and reference powe}

for *‘universal" amplifier of Fig. 6, as well as remote and local marginal

Fig. 6. Typical *“universal' amplifier
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1. Static Load Regulation is the varia-
tion from norm of the output voltage as
theload current is varied slowly from a
rated minimum to rated maximum, ex-
pressed as a percentage of the norm.

2. Static Line Regulation is the varia-
tion from norm of the output voltage, as
the line supply voltage (in 3-phase sys-
tems, line-to-line, all three phases varied
simultaneously with no significant phase-
to-phase unbalance) is slowly varied from
rated minimum to rated maximum, ex-
pressed as a percentage of the norm.

3. Peak-to-Peak Ripple is the maxi-
mum periodically-occurring excursion of
the output voltage under a passive (re-
sistive) unvarying rated maximum load,
expressed as a percentage of the norm.
To avoid confusion with induced noise
(from sources external to the power
supply) the periodicity referred to above
is restricted to those frequencies which are
integral harmonic multiples of the line
frequency.

4. Dynamic Load Regulation is the
difference between the maximum in-
stantaneous excursion of the output volt-

age in response to a unit-step change of
output current (indefinitely maintained)
between the rated minimum value and the
rated maximum value and the static
excursion which remains after all transient
recovery behavior has effectively dis-
appeared, expressed as a percentage of the
norm. Unit-step changes are taken in
both directions (minimum to maximum
and maximum to minimum) to obtain
both positive and negative components
of dynamic load regulation.

5. Dynamic Line Regulation is the
difference between the maximum in-
stantaneous excursion of the output volt-
age in response to a unit-step change of
line voltage current, indefinitely main-
tained, between the rated minimum value
and the rated maximum value and the
static excursion which remains after all
transient recovery behavior has effectively
disappeared, expressed as a percentage of
the norm. Unit-step changes are taken
in both directions, minimum to maximum
and maximum to minimum, to obtain both
positive and negative components of
dynamic line regulation.

6. Instabilityis the variation in the out-
put voltage which occurs under ‘“norm”
conditions over a period of — _ consecu-
tive days, not including at least _ _
minutes of warmup timé under norm con-
ditions, expressed as a percentage of

normi.

7. Thermal Drift is the variation in
the output voltage which occurs under
“norm’ conditions as the ambient tem-
perature, measured at least 4 inches from
the coolest surface of the power supply,
is slowly varied from rated minimum to
rated maximum, expressed as a percent-
age of norm.

8. Interaction Regulation is the varia-
tion in output voltage of any particular
supply of a system of supplies, under -
“norm’ conditions, as all the other sup-
plies normally connected to the same
power source, motor-alternator or line,
simultaneously experience a unit-step
change in load current from rated mini-
mum to rated maximum, expressed as a
percentage of the norm. As previously,
unit-step changes are taken in both direc-
tions.

The Shiftrix-Machine Organization for
High-Speed Digital Computation

GERALD ESTRIN

NONMEMBER AIEE

HE NEED for higher speed computa-

tion demands continuous scrutiny of
machine organization concurrent with the
search for higher speed switching and
storage elements.

Every digital computer operation may
be decomposed into a set of micro-opera-
tions whose decision points are conditional
upon the information in the operands and
instructions. Between the extremes of
strictly serial and extravagantly parallel
methods, the machine designer is guided
by some combination of formal synthesis,
intuition, and learned weighting factors.

This paper focusses its attention on an
arithmetic organization which utilizes a
shifting matrix between an operand and
the accumulator. Part I considers the
multiplication process. Part I describes
the use of the “Shiftrix’’ in other machine
operations. Part IIT discusses possible
mechanizations.

A block diagram representation of a

conventional parallel multiplier is shown
in Fig. 1.

In a binary multiplication involving
two positive n-bit operands, the least
significant bit of the multiplier is ob-
served; the multiplicand is added to the
existing partial product if the multiplier
bit is a “‘one”’; and the resulting partial
product is shifted one place to the right,
independent of the state of the multiplier
bit. The multiplier is shifted right at the
same time permitting the partial product
bit to enter the left end of the multiplier
register and bringing the next multiplier
bit into control position. This process is
iterated and the counter tallies the num-
ber of shifts. The control stops the itera-
tion process when a preset count is
reached.

In multipliers using a fixed operation
time an addition of zero or the multi-
plicand occurs at every step. The multi-
plication process, exclusive of memory

Estrin—The Shiftrix-Machine Organization
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INSTRUCTION

Fig. 1. Conventional parallel multiplier

organization

access time and negative operand correc-
tions, requires a time interval

tx=n(ta+ls) (¢))
where

t, =the time interval required to perform an
addition

ts=the time interval required to shift the
partial product and multiplier

Multipliers using a variable operation
time conventionally expend the addition
time only when required by the state of
the multiplier digit. The resulting opera-
tion time is

GERALD ESTRIN is with the University of California,
Los Angeles, Calif.

The preparation of this paper was sponsored in part
by the Office of Naval Research. Reproduction in
whole or in part is permitted for any purpose of the
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where 7, =the number of nonzero bits in
the multiplier. The longest and shortest
multiplication operation times are the
following:

ter=n(tg+1s) 3
trs=nts (4)

The average multiplier contains an equal
number of ones and zeros requiring

- g tat-nts ®)

The time required for each addition may
be reduced by parallel initiation of carries
and parallel sensing of their completion;!
by parallel propagation of carries,?"* by
elimination of carry propagation as a
result of separate storage’=” of the
carry states until a final extra step. Both
the maximum and the average number of
additions may be reduced by appropriate
transformation of the multiplier to
minimize the number of nonzero bits.”~11
The number of additions and the number
of shifts may be reduced by forming multi-
ples of the multiplicand and using a
number base greater than two with
corresponding multiple shifts of the par-
tial product.*’

Part I. The Shiftrix

The configuration of Fig. 2 readily
illustrates a multiple place shifting struc-
ture.

The switching matrix or shiftrix, 'S,
receives the digits of the multiplicand on
the vertical set of inputs at the start of
multiplication operation. The horizontal
set of inputs is derived from the multiplier.
The 2n—1 outputs enter the double-
length accumulator. The sequence in
which the horizontal inputs are energized
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is determined by the box marked ‘‘con-
trol.”

One form of the control is logically de-
tailed in Fig. 3. The multiplier, R, is
represented in the vertical column of flip-
flops. The multiplicand, D, acts on the
vertical inputs to the shiftrix and there-
fore, relative to the accumulator is pre-
assembled in all of the shifted positions.
For clarity, a particular multiplier, x=
0.1001110110, is discussed. The opera-
tion is initiated by enabling the input
gate at the top. Since the most signi-
ficant bit of the multiplier is a “17,
matrix driver number one is enabled,
energizing the top row and adding D/2
into the accumulator. The accumulator
produces a pulse, announcing completion
of its task. That pulse combined with
the driven state of the top row resets
the most significant multiplier flip-flop
to “0”. As a result the top row of the
shiftrix is disabled and the enabling level
is permitted to proceed down the column
of multiplier flip-flops. The enabling
level propagates past the second and third
flip-flops since they are in the zero state.
However, it is stopped by the fourth flip-
flop, enabling the driver of the fourth row
and causing D/16 to be added into the
accummulator. The process continues
until the enabling signal emerges at the
bottom of the column announcing the
termination of the multiplication opera-
tion and setting the termination flip-

flop which in turn disables the input gate .

at the top of the column.

Transformation of the Multiplier

It is evident from the foregoing descrip-
tion that any reduction in the number of
nionzero bits in the multiplier directly re-
duces the operation time. Such trans-
formations have been proposed’™ ! for
other arithmetic organ structures but
are particularly effective with the shiftrix
organization. : :

Lehman’s® formulation of the trans-
formation produces a ternary coding of
the multiplier with a resultant minimiza-
tion of the number of nonzero bits in the
transformed multiplier. It is expressed

by
m m+1

27"y b2t=27") (— 1) ©)
0 0

where

b, =the original binary coéfficients and

¢y=[b;Pbs-1].Ci—1 is a binary variable de-
termining the magnitude of  the
ternary coefficient

s¢=by+1 is a binary variable which deter-
mines the sign of the ternary co-
efficient

The transformation defined in equation
6 requires a propagation of the ¢; from
the least to the most significant end; the
decision to subtract or not is governed by
s¢=bs+1; the decision to execute an arith-
metic operation at all is governed by c;.
If it is found undesirable to expend the ¢;
propagation time implied in equation 6 a
less optimum transformation is given by
equation 7,

Estrin—The Shiftrix-Machine Organization
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Fig. 4 (left). Left or right
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Maximum, minimum and average non-
zero bits produced by equation 7 are

Nt =2n+3

3
— 3n—2
Nin) =
(n) 3

®

N(”)min =0

Using the conventional multiplier or-
ganization enhanced by the ternary coding
the maximum minimum and average
operation times become

n+2
t3= —2_ t4+mts

Since two arithmetic operations may
not occur in sequence, facilities for two
place shifting of the partial product and
transformed multiplier lead to

n+2 n
el = T tA+§ Ls
txs =_2 ts (10)

n n
fx=§ t4+5 ts

If the ternary coded multiplier is
applied to the shiftrix structure the
following is obtained

Ro* -
Ry P »
R -~ >
g *¥» < -
Rs > \ L
Rq = \ - A,
Rg o=
Rg =¥
Rg *P—_ SHIF TRIX PERMIT
CARRY
RIGHT ‘HN >
] >

LT IYEYY X

L D )

D2

Fig. 5. Double length shiftrix
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CONVERSION

n+2
1= e tatop

(1

bes=tp
- n
tx=é tatip

where

¢, =the time required for the enabling signal
to propagate down the multiplier
control chain

Part II. Other Machine Operations

Figs. 4 and 5 show expanded forms of
the shiftrix-providing facilities for shifting
in both directions. Fig. 5 permits opera-
tion on a doublelength word.. The
following descriptions refer to the larger
matrix of Fig. 5.

SHIFTING

The number to be shifted is brought
into position to drive the vertical lines of
the matrix. The direction of shift is
established on the busses labelled ‘“‘Left”
and “Right.”” If the number of shifts is
stated in binary representation, a binary
to base # decoding before insertion in the
R register permits a one step shift. If the
binary number is inserted directly into
the R register, a number of binary power
shifts alternating with transfers from the
accumulator register to the D register
must be sequenced.

In the first case the operation is exe-
cuted simply by scanning the R register
and energizing the appropriate row of the
matrix. No feedback is provided to reset
the R flip-flop, and the operation termi-
nates when the signal is obtained an-
notincing delivery of the shifted number
to the accumulator.

If combined with some extract logic,
rather complicated decomposition and
composition of “‘packed’” words may be
easily accomplished. This is particularly
significant with the previously described
multiplication logic in which there is
little penalty for short word multiplica-
tions.
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NORMALIZATION

The number to be normalized is brought
into both the R and D registers. The
direction bus is set to ‘“Left.” The R
register is scanned. and, if sign magni-
tude representation is used, the first “‘one’’
energizes the appropriate row of the
matrix. An all-zero quantity is signified
by the emergence of the scanning level
at the bottom of the R register control.
The number may be introduced in the R
register in such fashion as to limit the
magnitude of the normalized quantity to
either <1/2 or <1.

Drvision

There are several modes of division
which may be tailored to the shiftrix
structure. Among these are:

Mode1: Divisor>Dividend

The dividend is brought to the accumulator
The divisor is put into D

All “ones’ are inserted in R

R is scanned and a difference is formed at
each step. Any of the restoring or non-
restoring schemes may be executed. The
excited row defines the quotient digit to be
determined and the polarity of the remain-
der establishes the value of the quotient
digit. The operation terminates when the
scanning signal emerges.

Mode 2 Divisor>Dividend

The divisor is normalized

The dividend is shifted left by the same
amount as the divisor

At each step the remainder is inserted in R.
An algorithm is defined which guarantees
the reduction of the significance of the most
significant remainder digit at every step.
The R register scanner always operates on a
row corresponding to the most significant
digit of the remainder. In this way leading
sequences of zero bits in the remainder are
ignored.

Mode 3

The divisor and the dividend are normalized
with proper correction of exponents. The
division process is carried out in the same
fashion as Mode 2.

CONVERSION

Binary Coded Decimal to Binary
Conversion

The matrix is forced into a state such
that it contains the binary equivalents of
appropriate decimal powers in each row.

The binary coded decimal, (BCD)
quantity is inserted in R. The opera-
tion then proceeds as in a normal multi-
plication.

The binary result will be in the ac-
cumulator.

BiNnary TO BCD CONVERSION

The matrix is forced into a state such
that it contains the binary equivalents of
the appropriate decitnal powers in each
Tow.
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The binary quantity is inserted in 4.
All “ones’ are inserted in R.
The division proceeds as in Mode 1
with a modified restoring process.
~The BCD result goes to a quotient
register.

FLOATING POINT OPERATIONS,
MULTIPLICATION AND DIvISION

These operations are executed in the
same fashion as the previously described
fixed point mode except for the indepen-
dent addition or subtraction of the ex-
ponents. Normalization may be auto-
matic or a programmed operation. Note
that it is reasonable to define a condi-
tional normalizing instruction in which
normalization would take place only if
the number of leading zeros exceeds a
preset criterion. The scanning character
of the R-register control facilitates such
an operation. ’

ADDITION AND SUBTRACTION

These are the more complex floating
point operations and make use of the
shiftrix and the double-length accumula-
tor to reduce the number of steps.

The exponents are handled indepen-
dently of the mantissae. The comparison
of the two exponents determines which
mantissa is to be shifted before summa-
tion. The operands are entered into
both the accumulator and D registers in a
manner such that either mantissa in the D
register may be shifted relative to the
other mantissa in the accumulator, con-

~ ditional on the sign of the exponent differ-

ence. The magnitude of the exponent
difference is entered into the R-register
via decoding logic (as described for the
simple shift operations) and determines
the amount of shift. Conditional upon
the sign of the exponent difference, the

result may appear in either half of the °

accumulator and, therefore, require a
final half-accumulator shift.

Fig. 8. Transistor intersection

Part III. Mechanization of the
Shiftrix

The choice of an elementary component
for use within the matrix structure de-
pends upon the properties of the full sys-
tem within which it acts. The primary
purpose of the added set of components is
the acceleration of the sequence of opera-
tions in any significant computation.
The power of the shiftrix lies in the en-
hanced ability of the computer to exploit
the variations in the numbers being pro-
cessed rather than penalizing every opera-
tion with the time required by a worse
case.  The shiftrix structure is, however,
wasteful if the access time for a quantity
within it takes as long as an average num-
ber of shifts would if they were done
sequentially in the accumulator.

If magnetic memory elements are used
at the intersections, they are set initially
to represent the state of ome of the
operands and then read sequentially in
rows conditional on the other operand.
In both cases there are no coincident cur-
rent considerations to limit the amount
of drive current used and they may there-
fore be switched rapidly. The necessary
accessing of operands, scanning of the R-
register and the arithmetic operation
concommitent with the selection of any
row aid in the definition of a maximum
duty cycle.

The conversion technique described in
Part II may be accomplished by thread-
ing a winding through the cores in such
fashion that the binary equivalents of the
decimal powers may inserted into the
matrix in a single step.

If a diode matrix is chosen, a cluster of
three diodes may be used at each inter-
section as in Fig. 6. The row and
column biases are arranged such that a
column driver must supply the load cur-
rent of only a single intersection. The
row driver must be able to supply the sum
of the intersection load current in its row.

When the state of the D-register is

Estrin—The Shiftrix-Machine Organization



initially established on the column lines,
each column driver looks into a load con-
sisting of the parallel back resistances of
the set of column diodes. When the
scanning of the R-register proceeds, the
energized row driver reverse biases all of
its row diodes and causes each . inter-
section current to switch either into the
output line or into the column line de-
pending upon the state of the D-register
digit.

The conversion technique with the
diode matrix may be accomplished by
operating on the common return of the
set of intersection resistors such that
the binary equivalents of the decimal
powers are forced in each row.

For application to those situations
where speed is crucial and the number of
intersections is not too large, Fig. 7 dis-
plays a typical intersection utilizing a
transistor switching element. (Diodes
may be required to separate groups of
collectors which converge on each output
line).

In this configuration each vertical line
driver must supply a single intersection
current and the row drivers must control
the set of bases. The conversion tech-
nique is most readily accomplished in this
case by breaking each row into two pieces
such that only those intersections repre-
senting the binary equivalents of the
decimal powers are enabled. In this case
the column drivers would be forced into
the enabled state.

Conclusion

This paper has presented some of the
results of investigations into a machine
organization based on a large switching
matrix. This form has not received very
much attention in the past because of the
implied large number of components.

The expanding application of digital
techniques continually unearths problems
which are beyond their present power.
The most striking and gratifying solu-
tions of these problems come from
their creative reformulation. However
a component with that capability is not
yvet mass produced. Therefore digital
technology requires concentration in three
areas which may permit the solution of
larger problems. These are develop-
ments of higher speed components, re-
organization of existing components to
permit faster basic operations, and re-
organization of the control of the various
parts of a computer to enhance the
efficiency of sequences of operations.

The switching matrix has many inter-
sections. However, due to its regular
structure, it becomes amenable to auto-
matic production techniques which may
lead to lower cost. It hasbeen considered
in a restricted type of operation in this
paper. In the more general case omne
would like independent insertion into
each of its intersections and distribution
to various parts of a machine under con-
trol of a second set of inputs such that
complex subroutines might be executed.

In a less futuristic sense the switching
matrix is of interest because it may
be used to delay the day when a given
machine is declared obsolete. It can
directly speed up the arithmetic opera-
tions. If that is accomplished sufficiently,
it. may become efficient to utilize modern
memory components and achieve further
increase in speed.

In still another sense, if the speed of a
new machine is prescribed it may be
desirable, as a result of other considera-
tions, to use a slower basic component
enhanced by the parallel organizing
attributes of the shifting matrix. In this
way for example the area of application
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of magnetic computers may be enlarged.

There are certainly a number of prob-
lems to be evaluated relative to the
switching matrix organization. There
are however enough positive indications
to induce experimental evaluation of
existing components and alterness to
new physical phenomena which may suit
the described structure.
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A Device to Facilitate Combined
Analog-Digital Computation

B. L. SCHWARTZ
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ANY computing problems present
characteristics which appear to
call for both digital and analog-type com-
puters. To the operator of a small com-
puting facility, such problems present a
dilemma, for the analog-digital conver-
sion equipment available i$ generally
expensive, highly specialized, or both.
This paper describes a device developed at
Battelle Memorial Institute which can
resolve this problem for a certain (ad-
mittedly rather limited) class of prob-
lems. Some applications are given.
The class of problems covered is that
which admits complete simulation within
the capacity of the available analog com-
puter, but whose results must be processed
subsequently on a digital computer.
That is, the values of the traces of the
analog output during the course of the
run, not just a final single number, must
be processed digitally.

The Data Collection Device

NEED FOR THE DEVICE

It is common knowledge that there exist
classes of problems which lend themselves
to combined analog-digital computation of
the sort just described. It follows that a
method for communication between the
two types of computers is desirable,

However, since these problems are
rather special in nature, their occurrence

is not too frequent in a medium to small -

size computing installation. This means
that any special equipment developed for
usein these problems should be sufficiently
general in nature that it could fill other
data-collection needs. Investigation into
other possible applications indicated
several areas where a flexible device for
data collection could be efficiently em-
ployed.

CHOICE OF THE DESIGN

After some consideration, the picture
of this device became clear.
a very flexible sequencing device which
was portable and could conveniently
utilize several types of data-recording
components which are already available.
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It should be
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This conclusion led directly to the
design of a programmer. The block dia-
gram appears in Fig. 1, and a general view
of the actual machine in Fig. 2. It con-
tains no permanent circuitry. All elec-
trical circuits must be externally connected
on the control panel, and are thus com-

pletely flexible, and there is plenty of

space for addition of the components.

Programmer Description

The Control Panel. The control panel
is the heart of the device, and is responsi-
ble for a large share of the total cost. It
is a ‘standard unit with 816 pluggable
positions, and an assorted selection of
jumper wires. By use of spare plug-
boards, the programmer can be quickly
converted from one use to another simply
by exchanging the plugboards, and chang-
ing the connectors to external measuring
and recording instruments. The loca-
tion of connections to the internal com-
ponents are shown in Fig. 3.

Stepping Switches. The ‘‘program
steps’’ connections provide access to three
levels of a 4-level 22-position stepping
switch. The other level is connected to
neon indicators which are on the front
panel for convenience in observing opera-
tion during panel wiring.

There are three single-level 10-position
stepping switches for counting or selec-
tion purposes. There is also a 2-level 10-
position stepping switch which is usually
used for selection purposes. '

Relays. For logic operations, there
are 20 relays. Ten of these relays have
two transfer points, and the other ten
have two transfer points and one nor-
mally open point. In addition, the
second group have indicator lights for use
in checking the logic of panel wiring.

Diodes. There are ten diodes for isola-
tion when the same relay is being actuated
from more than one possible sotuce.

Toggle Swiiches. Five double-pole
double-throw toggle. switches provide
flexibility and on-off start-stop control.

PUNCH OR
l DiobeS )—l L DVM l l——L(pamzm
=

POWER
SUPPLY

RELAYS.

CONTROL

PANEL SWITCHES

Fig. 1. Block diagram of programmer

‘External Circuit Connectors. The pro-
grammer presently has three external
circuit connectors: one for an Inter-
national Business Machines Corporation
(IBM) type 16, 26, or 526 punch, one for
a digital voltmeter, and one 20-pin con-
nector for any miscellaneous circuitry
required in interconnections,

Power Supply. A 48-volt d-c power
supply provides the necessary power to
operate the relays and stepping switches
and provides a source for external signals
when required. ‘

Busses. Eleven 5-hub rows of com-
mon connections are provided to elim-
inate the necessity of using split wires for
common connections.

Indicator Lights. Twenty-two neon
indicators provide visual access to show
which step the program stepper is on.
Also, as previously mentioned, ten of the
relays have neon indicators.

Mode of Operation

When operated as an analog-digital
converter, the action of the device would
be as follows: The analog computer would
be wired for computation as usual. Cer-
tain additional connections which are in-
dicated would be made from amplifier
outputs to the external connector of the
programmer, tut these would in no way
affect the problem computation wiring,
nor would they affect the computed
results. In addition, a timing integrator
in the computer would be wired to a
relay amplifier, with the gains so adjusted
that the relay would operate at the time
interval at which digital readout was
desired. This relay amplifier would con-
trol the computer “hold” circuit, and
transfer system control to the pro-
grammer. When the analog computer
was manually switched into “operate”
mode, computation would commence, and
simultaneously the timing integrator
would begin to build up a voltage. When
this voltage reached the preset level and
caused the relay to transfer, the computer

B. L. Scuwarrz, G. JENKINSON, L. WiNsLow,
B. GorpoN, and 7J. SoLoMmoN.are with Battelle
Memorial Institute, Columbus, Ohio.
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would go into “hold” and the programmer
would take command.

The programmer would then connect
the first voltage to be digitized from the
plugboard to the digital voltmeter. Bal-
ancing of the voltmeter would produce a
pulse to advance the program stepper
switch to the next position; the voltmeter
reading would then be connected to the
card punch cable. Completion of the
punching operation would again make a
pulse available from the punch for ad-
vancing the stepper. Each voltage of
interest would in turn be punched, in like
manner, from its connection on the pro-
grammer plughoard through the con-
nector. Finally, the program stepper
would switch a small resistor across the
capacitor of the timing integrator, caus-
ing the voltage to decay rapidly to effec-
tively zero. With the timer so reset, the
programmer would relinquish control of
the computer, and the programmer would
reset itself to be ready for the next cycle.
The analog would then proceed with the
problem solution until the timing integra-
tor again built up to the preset voltage,
at which time the punch cycle would re-
peat.

Special Considerations

Since the computer had been in “hold”
during the punch operation, the computé-
tion would continue rather than reset.
A great deal of experience with the sys-
tem shows that this presumption is
quite valid. Many problems have been
run with hundreds of interruptions for
punching and the results compared
with the same problem run without inter-
ruption. Results agree to within the
normal reproducible ability of any analog
computer calculation. .

Fig. 2 (left). Gen-
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If it were desired to control punching
on the basis of some other criterion than
fixed time increment, the voltage con-
trolling the relay amplifier could be
selected from anywhere in the problem,
with only minor change in operating pro-
cedure. k

If the punching device were an IBM-
type 26 or 526 card punch, as was the case
in Battelle’s application, punching format
could be controlled by a program card.
In one application, a modified IBM-type
16 punch was also employed. There isin
principle no complication associated with
activating a tape punch or a data-logging
device producing hard copy in lieu of the
card punch. Such choices might be pre-
ferred if the available digital computer -
were suited for tape or keyboard input,
instead of cards.

A distinctive feature of the programmer

_ is its relatively low cost and ease of con-

struction. No critical components are
employed and construction and mainte-
nance are straightforward. The cost of
the programmer cabinet built by Battelle
was under $3,000. To this must be
added the cost of the digital voltmeter atd
the punch mechanism; however, these
instruments are normally used independ-
ently and need not be charged to the
programiner.
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Applications

EJECTION SEAT

One interesting application for the de-
vice was in the design of an aircraft ejec-
tion seat. The parameters of the ejec-
tion capsule were to be selected to meet
several requirements, one of which was

* that the stress on the occupant was to be

minimized. Capsules pitch violently
when ejection occurs under certain cir-
cumstances. Very high short-term accel-
erations can occur at the extremities,
where the pilot’s head may be located.
In the analysis of this problem, the
aerodynamic equations of the capsule
were written, treating it as a two dimen-
sional free body in the airstream. These
were mechanized for the analog computer.
The direction of the gravity vector and
the magnitude of the effective wind force
vector varied with assumed changes in
aircraft altitude and attitude. The ob-
jective of obtaining a design minimizing
the acceleration of the pilot’s head was
complicated by the fact that the actual
desired acceleration was not obtained on
the analog computer. Translational and
rotational acceleration components were
separately obtained, and used in the
simulation, but the net acceleration was a
highly nonlinear ‘combination of these.
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To resolve this difficulty, it was possible
to employ the programmer to interrupt
computation every 5 seconds and punch
into cards the necessary values from which
to compute the desired accelerations.
Immediately following each analog rum,
the cards were processed on a digital
computer to produce a table of accelera-
tion values. These were then used to
~ guide revision of design parameter values.
Ultimately, a design was obtained which
maximized the pilot’s survival chances
undér all conditions.

SATELLITE

Another application was the calcula-
tion of availability of solar energy to an
artificial satellite. Consider a. satellite
part of whose instrumentation is powered
by solar batteries. These batteries can
accumulate energy only when the vehicle
is on the sunny side of the earth, and
this energy may be attenuated by layers
of atmosphere, depending on the alti-
tude and orientation of the satellite with
respect to the earth. The problem con-
sidered here is that of obtaining the his-
tory of energy level available during a few
cycles of the satellite.

The elevation of the satellite is readily
computed on the analog computer.

Previous experience of analog-computa-.

tional laboratories has indicated that tra-
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jectory problems, including orbital prob-
lems, cannot be readily solved directly on
analog computers because the force of
gravity is so large in comparison to air
resistance, etc., that these quantities
must be scaled until they are down in the
noise level and, therefore, are highly in-
accurate. When a preliminary investiga-
tion indicated that this was also true of
this problem, it was decided to work from
perturbation equations.

An initial orbit with a known elliptical
shape was assumed and then equations
were set up to give the perturbation from
this orbit due to air resistance (all other
forces were assumed minor in comparison

to this one during this particular period

in the lifetime of the satellite).

However, since the perturbed elliptical
orbit has additional motions superim-
posed, a further calculation was then re-
quired. The axes of the ellipse rotate
in their plane, and the plane itself re-
gresses about the earth’s axis, these effects
resulting from the earth’s spheroidal mass
distribution. To determine the satellite's
position relative to the earth and sun, the
orbital calculations were interrupted by
the programmer at increments of 45
degrees around the track, and time, an-
gular position, and altitude were punched
out. A subsequent digital calculation
from these cards located the sun with re-

spect to the orbit plane, in right ascension
and declination. These astronomical co-
ordinates were then converted to azimuth
and elevation by the computer. A
digital integration in space was then
carried out from the satellite toward the
sun to determine the degradation in solar
energy level occasioned by atmosphere.
If the satellite was eclipsed, the degrada-
tion was automatically set at 100%.
The resulting energy intensity values
were then punched out by the computer,
and a listing of them gave the solar energy
history of the satellite at 45-degree inter-

- vals as it pursued its rotating, regressing,

perturbed elliptical orbit around the

earth.
Conclusions

The need for simple inexpensive analog-
digital conversion equipment arises many
times in the operation of almost any
computing center. Existing commercial
equipment does not appear to meet this.
need adequately, but a general purpose
plugboard-controlled programmer such
as the one described can readily be ap-
plied. Experience with the preceding
examples and with = other data re-
cording uses of the programmer have
shown it to be a valuable and highly
flexible tool to augment a computer in-
stallation.
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Discussion

Chairman Rogers: Mr. W. A. Farrand,
Autonetics asks Mr. Fuller: “How do you
close when writing 1010 initially, when ad-
mittedly, self-clocking is necessary? That is,
initially you wrote a one zero pattern all the
way around the drum. If you wrote it all
the way around, there was some reason
for it.”

H. W, Fuller: Ves.

Chairman Rogers: Mr. Farrand asks,
““You should, to some degree, close on your-
self so you would be writing a one where a
one was, and a zero where a zero was when
you came back around, then you started
writing your specific pattern. Admittedly,
you could not close because you said you had
to use self-clocking. Now what trouble
does this cause and how do you do it?”’

H. W. Fuller: When you close on your-
self, it is, as you say, not a good closure.
You must print zero over zero and one over
one. We do. We record these synchro-
nously on the drum. We erase these syn-
chronously by rerecording. Simply by re-
cording your information you erase what
yvou have written initially, so there is no
need for closure.

Chairman Rogers: Mr. Farrand also
asks, “Then was there any need for writing
the 1010 pattern?”’

H. W. Fuller: Yes, thereis. If we have
a transient occurring as a result of be-
ginning or stopping the recording in the
middle of this open zero-one region which
affects or governs the tract in the early
stages or formation of the track, this
transient could erroneously be read as the
end of the block start code. We do not
want that, so we just coast along as though
this were a very long start code until the
first block appears.

Chairman Rogers: Mr. Reese, Hughes
Aircraft Corporation asks, ‘“What is the
gap space between the head and the drum
when it is running?”’

H. W. Fuller: 180 microinches, I forgot
to mention that.

Chairman Rogers: Mr. Reese also asks,
‘“How much runout can you take on the
drum sutface to keep the heads within their
operating position?”’

H. W. Fuller: Within 5 or 10 mils at the
present spring design, which is a pretty
competent spring design.

Chairman Rogers: Mr. Farrand asks,
“It would be a dynamic problem, would it
not; that is, with respect to suspending the
head?”’

Discussion—Special Devices IT

H. W. Fuller: Yes. Eventually it would
become a dynamic problem, but in terms
of the sensitivity of separation, the results
of the spring force turn out to be not much
more expensive.

Chairman Rogers: Mr. Thorpe, Corning
Glass Works asks Mr. Gams: ‘I would like
to know about the difficulties in tempera-
ture variation in transistors?”’

Theodore C. Gams: The amplifier that I
showed when used as the input stage uses a
pair of transistors such the 4JD, A168G,
or other similar RCA transistors for long
term stability in bistable flip-flop circuits.
These transistors are designed, although no
one who makes them will tell you this, to
have a low-base collector current, and a low
variation of that base, and that is the pa-
rameter that determines the temperature sta-
bility of the input pair. We have obtained
stabilities on the order of #40.0839%, to 40
degrees centigrade change in ambient tem-
perature. Below —55 C, I do not recom-
mend long term operation of any germanium
devices; above 71 C, which is the usual mili-
tary breaking point, it is necessary for us
to consider silicon if you want to have good
stability, because any two transistors of
the same type and manufacture will leak
differently, varying from 50 to 1, between
the degrees of 70 and 85 C.

Chairman Rogers: Mr. W. Brooks,
Ramo-Wooldridge asks, ‘“At what point
in voltage do you attempt to go, let us
say, from series to shunt regulators?”

Theodore C. Gams: It depends upon the
money available. We like to use séries
regulators as high as we can because for
rather subtle, and often certain reasons, one
can get a somewhat better response from the
circuit. However, when one begins to
protect those series transistors, they begin
to take more voltage than the output takes
at times. In order to protect the transistor,

" I would say that the general crossover is

between 50 and a 100 volts for relatively
high currents; and for low currents, where
you can afford to waste power, it is perhaps
between 300 and 400. However, let me
say that the shunt regulator, all by itself,
has certain other advantages. For ex-

ample, its ability to operate over wider -

ranges of adjustment without having to
store much energy while waiting on the
shunt regulator,

- Chairman Rogers: The first question for
Mr. Schwartz is from Mr. Gams, NJE:
“How long it takes for this box of assorted
surplus parts to take one reading in relation-
ship to the reading on the curve trace in a
manually operated input?”’

B. L. Schwartz: It depends upon the
balancing time of the digital instrumenta-

tion you are using, that is, the principle
amount of time involved is balance time.

Now we are using the electronic digital-
volt meter, which is fairly subtle. With that
one, I would say the time is about the time
that it would take to run it off on our curve
volt meter. We have now acquired a semi-
automatic curve reader. If we had this 6
years ago, when the problem came up, we
probably never would have considered it.
Taking a photographic trace, we would have
gone directly to our curve reader.

Chairman Rogers: Mr. Gams also adds,
“I am suggesting just manually. The bal-
ance of time for a digital-computer volt-
meter is on the order of 2 seconds of the
sort you are depicting there, three times as
fast as reading it manually and punching it
on acard.”

B. L. Schwartz: That is very, very true.
The main advantage here is not time.
We are obviously not.doing any high-speed
machine work here. In automatic opera-
tion you eliminate verifying of the key
punch, you eliminate manual transcription,
you eliminate basically the delay in taking
something off the computer, manually proc-
essing it, and taking the card punch. The
time saving element is probably in its favor
butt it is not very significant.

Chairman Rogers: The first question for
Mr. Estrin is from Mr. S. Littler, National
Cash Register Company: “Why is there
any necessity for the shifting operation to be
definitely slower than the addition opera-
tion?”’

‘General Estrin: It is not slower; it is
usually faster than the addition operation.
The shifting operation implies a simple
transfer from one set of flip-flops to another;
the addition operation implies a certain
number of logical stages within this transfer.

As I pointed out you are not talking about
the carry storage in which you do not prop-
agate the carry. At each step store the
state of a one-stage carry; that is, you
actually represent the sum, not by one-
ended binary quantity but by two-ended
binary quantity.

Chairman Rogers: Mr. Lettler asks,
“Do you imply that an addition takes at
least twice as long as it should?”

Gerald Estrin: No, this is just a mode of
carrying out a set of additions in which you
would not need to have a computation of the
carriage set in one extra step. There has
been a great deal of amplification of this in
some of the reports that have come out of
the University of Illinois.

But I still make the very simple state-
ment that the addition process must take
longer even if it is epsilon, with the simple
transfer of one flip-flop to another.
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HE USE of electronic computers to
solve large-scale data processing prob-
lems has created a number of serious
communication problems. Not the least
of these problems is the necessity that
machines be capable of communicating
with each other. To achieve complete
communication between machines re-
quires that three conditions be satisfied.
First there must be compatibility of the
medium used for transference. Second,
there must be understanding of the coded
language used; and third, there must be
the ability to interpret the coded lan-
guage as structured by the program.
Unfortunately, present machines gen-
erate and receive information in different
languages and structures. Even identical
machines can and do change their lan-
guage by program means. These differ-
ences are not attributable to the ignorance
or to the whims of machine designers but
instead are due to the operational require-
ments for which the machines have been
designed. It seems clear that for some
time, future computers will necessarily
follow this pattern of incompatibility.
There are two basic methods which
may be used to resolve the communica-
tion problem. The first is to legislate
that a common medium, code, and
language be used, and the second, is to
employ other machines to solve some
or all of the compatibility problems
involved in machine communication.
Legislation has the disadvantage that it

would involve a tremendous loss of invest-
ment, in terms of existing programs, and
would also stifle the future development
of computers. The second approach is
to use machines which may be pro-
grammed to interpret the languages of
different machines. This does not in-
troduce these disadvantages and, there-
fore, has been adopted throughout the
industry as the preferred approach.

Communication through a transfer
medium is almost always employed.
Some possibilities for this are printed
forms, paper tape, punched cards, and
magnetic tape. Magnetic tape, because
of its high packing density and high rates
of access, is becoming the accepted me-
dium for communication. The use of a
transfer medium always introduces both
physical and linguistic differences. Two
classes of machine will be defined to
handle these differences. The first class
is termed ‘“‘media translators.” These
are used to overcome the physical dif-
ferences. They transfer information from
one medium to another without radical
changes of the language employed. The
second class is termed ‘“‘data converters,”
and these are used to overcome both
physical and linguistic differences. They
effect both transference and translation
of information between media.

In the future a third class of machine
will be introduced. This is simply an
adapter attached to the existing data
processing computer and represents the

ADAPTER

CIEENTRAL CONTROL.
UNIT

FORWARD OR REVERSE
CONTROL  AMPLIFIER

FORWARD OR REVERSE—

START OR STOP

READ CONTROL

READ  ALIGN

READ SIGNALS——————— REGISTER

START DELAY
4CONTROL AMPL]

READ AMPL. §
LEVEL CHANGER

MAGNETIC TAPE
HANDLER

— L

+—=T0 FORWARD OR
REVERSE CONTROL
MECHANISM

—=T0 TAPE MOTION
CONTROL MECHANISM

—+—~READ SIGNALS

READ CLOCK

T
END OF BLOCK
PARITY ERROR*-—-‘—‘—EARITY CHEC;I} DETECTOR

END OF BLOCK ]

END OF TAPE

END OF TAPE

LEVEL CHANGER|

END OF TAPE SIGNAL

OTHER BLOCKS

WRITE AMPLIFIERS POWER SUPPLIES

PARITY GENERATOR BAD SPOT CONTROL
WRITE CONTROL CHARACTER COUNTER
BIT DENSITY CONTROL [ INTER-BLOCK GAP

Fig. 1. Typical
magnetic tape
adapter block dia-
| gram
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minimal form of media translator. The
media translator will continue to exist as
a special-purpose instrument. The data
converter will evolve into a machine which
uses stored program computing techniques
to solve the linguistic problem.,

- The Compatibility Problem

Historically, computers were designed
as either scientific or data processing
machines. Each machine was considered
from a system point of view, as a separate
entity. As the number of data process-
ing machines in everyday use have in-
creased, the results obtained from one
machine are used as the input data to a
second machine, which is often geographi-
cally remote from the first, and which is
frequently of different type and manu-
facture. The direct approach used to
solve this problem is to employ either
printed paper, punched tape, or punched
cards as the transfer medium. Thus,
either written human language, tele-
type code, or punched card code are used.

The use of magnetic tape, as a means of
mass data storage, has become more
common and this is also being widely
adopted as a high-speed transfer medium.

- It is apparent that future machines will

need an increasing ability to intercom-
municate. This fact has been recognized
to a small degree by the manufacturers
who are building new machines with
capacious buffered magnetic-tape storage
systems.

However, it seems clear that near term
machines of the future will not utilize
a common language or common magnetic
tape equipment. Indeed, it is perhaps
not in the best interest of machine data
processing progress to permit stasis of
this type. Therefore, it may be safely
concluded that problems in communica-
tion will exist to an increasing degree in
the foreseeable future.

In communicating from one machine to
another there are both physical and lin-
guistic differences which together create
what is generally called ‘“the compatibil-
ity problem.” These problems can be
defined as follows:

PHYSICAL-MECHANICAL

These are the differences: In the tape
material; the width of tape; the number
of heads; and the head spacing. Further
problems arise due to the fact that the
rate of tape motion, the acceleration
time, and deceleration time vary in the
different types of transport. - These physi-

WiLLiam S. KNowLES, IRVING L. WIESELMAN; and
RAYMOND STUART-WILLIAMS are with Telemeter
Magnetics, Inc.,, West Los Angeles, Calif.
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cal-mechanical differences are so gross
that there is very little possibility of
devising a tape transport which can
accept all types of magnetic tape.

PrysICAL-ELECTRICAL

These are the differences: The system
of recording employed, such as return to
zero or nonreturn to zero; the informa-
tion packing density and the rate of tape
motion which define the character rate.
Certain systems have means whereby
the condition of the tape can be checked
and bad spot areas rejected. Obviously,
this operation involves special circuits
and delays peculiar to each type of trans-
port.

The foregoing difficulties are resolvable
by the use of relatively unintelligent
electronic equipment. In essence, units
defined as ‘““‘adapters” are used to convert
the signals in and out of a particular type
of tape transport to a standard from,
acceptable to the computer or to a media
translator or to a data converter.

LiNncuisTic-FORMAL

These are the differences found between
tapes produced from different data proc-
essing machines utilizing various formats.
These differences exist even when tapes
are produced on the same tape transport
but fed from different machines. Typical
differences are found in:

1. - Characters: 4-, 5-, 6-, 7-, or 8-bit codes
are employed to represent characters.

2. Words:

-is employed.
3. Blocks:

is employed.

4. Sign: Special bits or special characters
are employed, either at the beginning or end
of words.

~ 5. Checking: Odd or even lateral parity,
longitudinal parity, or count of characters
for fixed block length.

Fixed or variable word length

Fixed or variable block length

These problems can be solved in most
cases by the use of straightforward com-
puting-type circuitry but without requir-
"ing programmed operations to perform
conversions.

LINGUISTIC-VARIABLE

The major linguistic problem associ-
ated with data conversion is the variation
from program to program. Linguistic
formal differences can be variable in some
circumstances. For example, a binary
machine may be programmed to produce
a coded output. This code is entirely
under the control and at the convenience
of the programmer. Under these cir-
cumstances code problems cannot be de-
fined as a formal difference.

As another

Table I. * Generalized Central Control Unit Command List
Word Structure
Bits in Word
T T T T T T T T T T T T T T T T T T T 1 T 1 T
O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
) Groups and Bits in Groups
Group O Group 1 Group 2 Group 3
| IR B e — | R B p— T T T T T T T
01 2 3 45|01 2 3 45/01 2 3 4501 2 34 5

Command Codes, Structure and Function

Command Command Structure Execution Time
Code (Add 3 microsecond (usec) for B Mod.)
T T T T T T T T T T T+ T T T T 71 J
0; Lo 00 Ri ‘ 4 I 8/ m
‘L_Hoid or clear first
(m’) — Ri* 12-15 usec
[ T T T T T 1T 1T 1T 7T T T T
1, Lo 0 1 Ri 4 8/ m
L_Hold or clear
(Ri) = m’ 12 psec
T T T T T T I | T 1 T T [ T T T T
2, |01 0 R Ry
LHold or clear LHold or clear first
(Ri) — R; 12-15 usec
T T T T T T T 1T 1 T T 1 T T T T T J
30'011Jooi5/' ’ N
Add N to B; 16 usec
* Ri Registers are listed in Table IT with name and number
7 T T T 7 LS E— T T T T T T T [
31 b 1 110 0 1 8/ Bi m
Jump to m’ if B; = 0 16 usec
T T T T I T T 1 T T 1 T T T f T T
2 o1 o1 & | & m
Add m’ to B; 20 usec
T T T T T T T T T T T T T 0 [ T T
324 {01 1|1 0 0] 8 |& 8/ m
<2 jump to m’
a= 0 Refers to 4
a= 1 Refers to Q
B8 =00, jump if zero 16 usec
B =01, jump if > zero 16 usec
B =10, jump if < zero 16 usec
8 =11, unconditional jump 7 usec
T I ] T T T T T T T T T { T T T I
35 l 0 1 1{1 01 [’f l n R
Shift R; right » places y=1 12 usec plus )
Shift R; left » places y=0 6 usec (number of bitsin u)
T T I T T I T T T T T T Bl [ T T T T
36 LO 1 11110 Izl m J
Jump to m’ if A=Q 16 psec
T [ T I T I T T T T T T T 1 T T T T T
37 | 0O 1 11 111 $o m _]

MK-0 Program input:
MK-1 Program input:
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Selects unit in ¢o and input K1 words, starting at m

Selects unit in ¢o and inputs 512-m words, starting at m
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40

41

42

43

44

45

46

47

Y

60

64

70

74460

77
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Table 1.

(Continued)

LI I T L T T T T T T T T T m
1 0 00 0O € [~ 8 m §
Select group & of m’ and place in group ¢ of 4A(a = 0) [Q(a=1)], replacing ¢ 30 usec
T T T LI T T T T T 17T T T 1 T T T
1 00/00 1] € |&f & m §
Select group € of A(a=0) [Q(a=1)] and place in group & of m’, replacing & 33 usec
T T T T T T T 1 I T T T T T T T T T T
1.00/0 10 8i m
Stuff address of NIA register plus one in m’ 16 usec
T T T T T T i T T I T T T I T T T
1 0 0jO0 11 VY |a &/ m

Form logical product of E»(»=00, 01, 10, 11) with (m’) and then logically sum with A(ax=0

[Q(a=1)] 30 usec
T T T T T T T T T I T T T T T T
1. 00/l1 00 )\ |a Bi T m ' ]
Add (m') to A(a=0) [Q(x=1)], Sum in A[Q] )
A =00, full add 44-70 usec
A=10, add groups 2 and 3 20-28 usec
A=11, add group 3 20-28 usec
T T T T T T 1 T T T T T T T T T
1 00|11 O 1 ] X |d Br m J
Subtract (m’) from A(a=0) [Q(ae=1)], Difference in 4[Q]
A =00, full subtract 50-78 usec
A =10, subtract groups 2 and 3 26-34 usec
A =11, subtract group 3 26-34 usec
I T T T T T T T T L T T 1T T (L
1 0 0/l1 10 N B m

Multiply A by m’, most significant portion of productin A, least significant p
: 0.6

A =00, full multiply
A =10, multiply groups 2 and 3
A =11, multiply group 3

ortion of product in Q

.6—-1.8 millisec
0.3-0.8 millisec
0.14-0.3 millisec

T 1 T T T T T T T T T T T T T 71T T T
1 00l 1t 11 by Bi m
Divide 4 by m’, quotient in Q, remainder in A
A=00, full divide 1.7-3.2 millisec
A =10, divide groups 2 and 3 0.6-1.1 millisec
A=11, divide group 3 0.25-0.4 millisec
T 1 T LI T T T T T T T 1T 0 T T T T T
1 01 g v B8r m
Jump to m’ if flip-flop Fow is set
¢=00toll; »=0000to1111 8 usec
T T T T T T T T T T T T T 1 1T 7T T 7
1 10]0|] 0 |Ww 15 1413 121110 9 8 7 6 5 4 3 2 1 O
Set (W=1) [Reset (W=0)] Selected flip-flops Fy,
a=00to 1 1; »represented by bit position 8 usec
T T LI T 1T 1 T 1T 1 1 T 71 T UL
1 0]l 1 O O|w a v
Set (W=1) [Reset (W =0)] selected flip-flop Fgq,
¢=00tol11; »=0000to1111 8 usec
T T T 1 T T 1 I 1 T T T T 1 T T T
111000 Po # 2| #3]| %a
¢o Selects one of 63 units for flow path 0
@1 Selects one of 63 units for flow path 1
@2 Selects buffer 1 or 2 for flow path 2
@3 Selects buffer 1, 2 or R register for flow path 3
@4 Selects buffer 1, 2 or R register for flow path 4 8 usec
i 1 T LI T T T T 7T I T T T T T T T T
1.1 111086 Mo a1 M2 u3

Input-Output mode conditioning

6=0, flow path 0 selected

6=1, flow path 1 selected

u0 selects fixed mode of operation for selected unit

ul selects variable modes of operation which may be changed conditional on bits selected in u: and us

#2 selects which bits of us will be changed
u3 selects the conditions for change

Stop

8 usec

example, it is possible to define formal
rules whereby the word length or the
block length is changed during the proc-
ess of a data conversion. However, in
many programs the word may, in fact,
have an implied sign which may be de-
fined by its position in a block and, there-
fore, change of either a word length or a
block length can destroy this implicit
meaning so that formal methods are not
usable in this conversion.

The problem of translating computer
languages is similar to that of translating
spoken languages. Each spoken language
has its own alphabet, words and gram-
matical structure. The meaning of a
word is a function of the grammatical
indicators associated with its common us-
age, and the surrounding context accord-
ing to the rules of syntax. The words in
the output language are chosen by its
structure so as to represent the same
meaning as the input. The difficulty in
translating spoken languages is that the
language structure is so complex that it is
difficult to define the rules of translation.
However, in the case of translating com-
puter languages no matter how complex
the structure is, and how it varies from
sequence to sequence, the rules which
governed the original program may
be stated. Translation may be accom-
plished provided the computer is capable
of performing the rules of operation, and
this, in general, can only be done by a
fully programmed controlled conversion.

Solution to the Problem

The general problem of machine com-
patibility is extremely complex. How-
ever, solutions are possible using data-
processing computers. If adapters or
media translators are employed, then
either the gemerating or receiving com-
puter is programmed to perform the
actual translation of information. If, on
the other hand, a data converter is used,
then this must be defihed as a special-
purpose off-line computer which is used
to perform the translation.

Adapters

An adapter is a device which allows a
comptuter to communicate with input or
output equipment. Fig. 1 shows some
of the functions which must be per-
formed in a typical magnetic tape adapter
so that information on the tape may be
read or written. Information signals are
received and transmitted in a form com-
patible with the computer. Control sig-
nals are interpreted and cause prescribed
actions in the tape handler. Signals are

Knowles, Wieselman, Stuart-Williams—Communication Between Computers



also generated in the adapter which indi-
cate the state of the tape or control
information such as parity errors, end of
block, and end of tape. The timing for
writing information is generated as well
as logic and delays for special functions
such as tape bad spot controls.

All data-processing computer designers
face the problem of building adapters
for their own input or output devices.
The designer of data conversion computers
must build adapters so that alien input-
output units can communicate informa-
tion to the conversion equipment. The
design problems differ only in that the
data processing designer may simplify
the adapter by considering the total
system,

It is possible for machines of newer
design which have adequate buffering
and sufficient input-output tape positions
to add adapters so that alien tapes could
be processed. The adapters can also be
employed for  producing alien tapes for
use on other machines.

Media Translators

A media translator consists of two or
more adapters, plus a central control
unit ‘which performs those conversions
necessary to introduce compatibility to
the physical and formal linguistic level,
but not at the linguistic variable level.
Fig. 2 shows a media translator built by
Telemeter Magnetics, Inc. to perform

translations between Remington Rand
Univac 11034 and International Business -

Machines Corporation (IBM) 704 mag-
netic tapes in either direction. See
functions of Remington Rand Univac
11034 and IBM Media Translator. In
addition to solving the physical compat-
ibility problem, it checks for parity and

count errors; it can be used for editing
by translating selected blocks; and it
solves a formal linguistic problem by
inputting continuous data and outputting
data in block form.

The central control unit uses a standard
Telemeter Magnetics, Inc. 1092-BQ-8
magnetic core buffer to store information.
It also has presettable decade counters
and transistorized logical and control
circuits.

The reasons for existence of media
translators are quite logical. When deal-
ing with alien tapes, adapters of some form
are required in any case. It is often
desired to produce a copy of an original
tape for transmission which wastes time
for most modern machines. An off-
line machine which performs a copying
operation is almost as complex as a
complete media translator. Media trans-
lators are also used to solve compatibility
problems by translating information be-

tween dissimilar media such as between

paper tape, magnetic tape, punched
cards, or from unformatted real-time
data. For these reasons, and other
economic considerations, the media trans-
lator is a logical and useful development.
It is, however, severely restricted in
application as it is incapable of per-
forming any translations other than those
defined as formal linguistic differences.

Data Converter

The problems involved in data trans-
lation can be solved by using stored
program computing methods. The com-
putation required is trivial and repetitive.
It is an accepted principle that under
these conditions a special-purpose com-
puter is always faster and less expensive
than a general-purpose machine.. It is

MTC, Florida

on this basis that the data converter
exists as a class of equipment. Data
converters are fundamentally media trans-
lators, to which have been added a special-
purpose computer to perform the trans-
lation functions. Present data converters
are rudimentary in that they are sequence-
controlled machines in which the sequence
is controlled only by means of a plug-
board. Machines of this type are not
sufficiently flexible to perform many
significant translation operations. They
can, however, perform quite complex
changes in word and block structure.
They can also make simple code changes
and can perform some editing functions.
The methods of error detection that are
employed are quite sophisticated and it
is possible to program them to make
simple error corrections.

A data converter, built by Telemeter
Magnetics, Inc., for the Air Force Missile
Test Center (AFMTC) is shown in Fig. 3.
It was built so that missile test data
produced at AFMTC could be made
compatible with formats of various com-
mercial computers in operation at par-
ticipating missile development organiza-
tions in scattered locations. .

The present input-output equipment
allows for conversion between the AF-
Automatic Computer
(FLAC) computer paper and magnetic
tapes, the IBM 704 and IBM 650 mag-
netic tapes, and the Remington Rand
Univac 11034 paper tape. (See list of
conversions and functions of AFMTC
data converter ) It has plug-boards and
switches which are used to control editing
and conversion functions such as select-
ing given blocks and given words within
blocks for conversion, translating from
variable word length to fixed word
length, changing the position of code for

Fig. 2. Remington Rand Univac 1103A-IBM 704 media translator
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Fig. 3. AFMTC data converter
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Table Il. Generalized Central Control Unit Addressable Registers, Bit Transfers, Function,
and Type
Register
Name No. Write Read Function Type
Bheooiviaan. Ok........ Rj—Bgj...... Brj—Rj....... index register.................. core storage
T (k=1,2,3) (=2,3) (G=2,3)

Bm......... 1k....... Ri—Bmj...... Bnj—Rj...... index register.................. core storage
(=0,1,2,3) (;=2,3) (;=2,3) ' :
(m=4,56,7)

Aol 20....... Ri—Aj....... Aj—Rj........accumulator................... core storage

. (;=0,1,2,3) (;=0,1,2,3) :

[0 21....... Ri—Qj....... Qi—Rj........ Quotient, LSP of product, or..core storage
(=0,1,2,3) (;=0,1,2,3) accumulator

N.......... 22... ... Rij—>Nj....... Ni—Rj........complementor................. core storage
(;=0,1,2,3) (;=0,1,2,3)

L.o.......... 23....... Rj—Lj....... Li—»Rj........ stores location of initial ad-..core storage
(;=0,1,2,3) (;=0,1,2,3) dress when filling or empty-

ing internal memory

Eooovvvvnnn. 3k....... Rj—Egj......Eg—Rj........ extractors..............o...... core storage
(.=0,1,23) (;=0,1,2,3) (;=0,1,2,3)

Weoooooo. .. 40....... Rj—>WrLj..... WrLi—Rj...... stores left half of word......... core storage

(;=0,1) (=0,1)
WLs........ 41....... Ri—>WLSj-2. . WLSqg>Rq..... shifts right half of word into..core storage
(;=2.3) (¢=0,1) left half of word .
WR......... 42....... Rj—WRj..... Weri—R;...... stores right half of word........ core storage
(;=2,3) (j=2,3)
WRS........ 43....... R;j—WRgRSj+2 .. WRSg—Rq. .. .. shifts left half of word into..core storage
(;=0,1) (g=2,3) right half of word
Frooooov .. 57 RISFE. .. ... Fii—Ru....... flip-flop used in input-output,..core storage
(4=0,1,..16) (¢=0,1,..16) store state of flip-flop regis-
ter

SroooL. 60....... Rs—>SI. ... .. symbol recognizer on input..flip-lops MK-1

register core storage MK-0

Dr.......... 61....... Ry—Dr.oooooiiiiiiiiiat. bit mask for Sr................ flip-lops MK-1

core storage M K-0

SOl 62....... R3—S0.+ .o, symbol recognizer on output..flip-flops

register

Do......... 63...... WR3—DO...ov e bit mask for So................ flip-flops

Kro..oooo... 70....... Rj—Kjr....... Ki—=Rj........ character counter for input..fip-flops MK-1

(;=2,3) (;7=2,3) register core storage M K-0

Ko......... Ti....... Ro—Ki....... Ko—Rj........character counter for output..flip-flops

(;=2,3) (;=2,3) register .
RSE....ovviii vt Ri— RSk k. RSki+h—Ri‘p right shift. . .................. core storage
(Not addressable)
(£=1,2,4,8,16) (=0,1,..23) (¢=0,1,..23) :
LSK.eeiinuinnnnns Ri—LSki~k, ., LSt~k —Ri~k left shift...............c...... core storage
(Not addressable)
(k=1,2,4,8,16) (:=0,1,..23) (:=0,1,..23)
Wheoooiioiiiainaonn, Rs—Wk...... Wk—REk........ word assembly............ .....core storage
(Not addressable)
(=0,1,2,3) (=0,1,2,3) (£=0,1,2,3)
[ SN Rr—Gk...... Gk—Rs........ group assembly................ core storage
(Not addressable)
(=0,1,2,3) (k=0,1,2,3) (£=0,1,2,3)
Hpooooovieiiinat. Rj—Hpkj...... Hrj—Rj....... stores word without storing. .core storage
(Not addressable) - group &
(£=0,1,2,3) (7=0,1,2,3 (j=0,1,2,3
but j=k) but j#k)
Joo i Ri—Joj...... Jo—RJo.......wired toset Fyoifall I’sin Jo. . . .core storage
(Not addressable) ’
(4=0,1,2,3)
Jlew oo, Rj—>Jij...... Ji—=FJi oo wired to set FJy if all I’sin J1. .. . core storage
(Not addressable)
(7=0,1,2,3)

sign, and changing between 4-bit to
6-bit per character binary representation.
The central control unit contains two
Telemeter Magnetics, Inc., 1092-BU-7
magnetic core buffers for storage and uses
transistorized logical “and control cir-
cuits. Four magnetic tape handlers are
provided to permit flexibility so that con-
versions may proceed while changing
reels. Sufficient flexibility was provided
so that new conversions could be handled
with a minimum of modification.

The sequence-controlled calculator de-
veloped into the automatic data processing
machine, and in the same manner it is
expected that the sequence-controlled
data converter will evolve into a stored
program, selective sequence-controlled,
special-purpose data-processing machine.
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This will perform complex code changes
such as those required in binary to decimal
conversions. Frequently, it will be used
to reduce the amount of information fed
to other machines by using curve fitting
techniques and, in the process, may per-
form sophisticated forms of error detec-
tion and correction.
highly wvariable field structure within
the information and will be capable of
performing simple sorting operations.
This approach will allow the operator to
use data-processing machines to their full
efficiency without undue restriction in
the form of legislation, This concept is
compatible with the present develop-
ment of the computing art in which dif-
ferent machines perform steps in the flow
of data processing. The simple inter-

It will handle .

mediate steps will be performed
data conversion computer.

by a

Proposed Design of Special-
Purpose Computer for Data
Conversion

This design adopts the philosophy that
a central control unit of a data converter
which may be programmed like a stored
program - general-purpose computer, is
more useful and flexible than a sequence-
controlled plug-board unit. As the trans-
lation problem becomes more complex, it
is only necessary to change the program.
This is different from the philosophy of
adding special-purpose computing cir-
cuits as new translations occur.

The generalized central control unit
(GCCU) has the facility of controlling
adapters and internal operations by stored
program commands and a plugboard for
changing the interpretation of input-
output controls to adapters. It contains
a high-speed random access core memory
called internal memory (IM) for internal
storage, (512 24-bit words), two sequential
buffer core memories (T'MI 1092-BU-7)
BU1 and BU2, a specially wired core
memory called core storage registers (CS)
used for most internal registers required
for performing commands, a set of flip-
flops for controlling input-output func-
tions, a plug-board to define the relation
between these flip-flops and the adapters,
internal control circuits, and miscel-
laneous registers. Basic functions are:

1. To select and control input-output
adapters and their mode of operation, such
as read or write, forward or backward, re-
wind, etc. .

2, To transfer information between adap-
ters, buffers, IM registers, and the CS
registers.

3. To interpret information from the
adapters or internally generated so as to
change the mode of operation by changing
the state of the adapter or by internal trans-
fers. For example, the tape unit may be
stopped when an end of block is reached, a
certain symbol recognized, or a given count
reached.

4. To do stored programmed computing on
data entering the system so that a transla-
tion may be made from an input language,
given its structure, to an output language,
given its structure. Typical operations are
changing word length and structure, code
transformation by table look-up or algo-
rithms, changing block length, editing, col-
lating, sorting, and searching.

INFORMATION FLOW IN THE GENERALIZED
CeNTRAL CoNTROL UNIT

The structure of the GCCU excluding
the input-output controls is displayed in

Knowles, Wieselman, Stuart-Williams—Communication Between Computers



NEXT INSTRUCTION
ADDRESS REGISTER

OECODER

5I2-24 BIT WORD
RANDOM ACCESS CORE MEMORY

Fig. 4. Generalized
central control unit
block diagram

I

COMMAND REGISTER

S

!_CORE STORAGE REGISTERS

i

CONTROL

—

I R(READ WRITE)  REGISTER l

FLIP-FLOP  REGISTERS

Fig. 4. All information flows through
the 24-bit R (read-write) register. It
serves as the static register for reading,
or writing, from, or to, the IM or. the
CS registers.

The address of the next instruction is
stored in the next instruction address
register (NIA) which is decoded to select
the instruction from the internal memory.
The word in the selected address is read
into the R register and then transferred
to the command (C) register.

Most commands are executed by trans-
fers between information in the CS and
the IM. The read-write time for random
access to a word in the IM is 6 micro-
seconds. The read and write times for
selected CSR are 3 microseconds each.
Any commands involving arithmetic
operations utilize the 12-bit parallel
adder. Individual flip-flops in the flip-
flop registers which control input-output
operations may be set and reset either
by commands or from other information
sources. Information from input-output
enters and leaves the IM and CS register
through the last six bits of the R register.

A list of the commands, their bit
structure, the functions performed, and
execution times may be found in Table 1.
The 24-bit word may be considered as
four 6-bit groups. The first group
usually contains the two octal digits of
‘the command code. The second group
controls index registers and miscellan-
eous operations. The last two groups
usually contain the address involved in
the operation with the last two bits of
the address referring to one of the four
groups of a word when pertinent.
STRUCTURE OF CORE STORAGE
REGISTERS

One of the unique features of the GCCU
is the way the CS registers are utilized
in performing instructions. A complete
list of functions of the registers and their
wiring may be found in Table II. Their

THE

ADDEND
REGISTER

ADDER

full use in the commands will be discussed
later. Some typical registers will be
discussed. ‘

Fig. 5 shows schematic wiring of the
LS, (left shift 1), 4 (accummlator) and
RS (right shift 1) CSregisters. Informa-
tion is transferred between the R register
and the selected CS register by writing into
the selected register from R and reading
the selected register into R. The wiring
of the cores for each register determines
into which bit positions the information
is to go. The wires with arrows pointing
upward refer to writing in the cores. The
wires with arrows pointing downward
refer to reading from the cores.

When writing into the A register, bit
R;* (i is a bit in group ) is written into a

’

core with the same bit position when 4
is selected. When reading, this core
is wired back to bit R, The A register
merely stores information without change.
When the RS; register is selected, in-
formation written from bit R is read
into bit R;#*l. Thus a shift of one bit
to the right is accomplished.

The series of transfers required to shift
the A register one bit to the right would
consist of:

A—R
R—RS;
RS—R
R—A

The shift commands are mechanized by
transfers of this type to registers RS,
RS:, RSi RS;, and RS, A shift of
binary 10110 (22) to the right utilizes
registers RS,, RSs:, and RSy in executing
the command.

Fig. 6 shows the wiring of the word
assembly (WW;) and group assembly (G;)
registers. Since information is to enter
the IM from the buffers in 6-bit char-
acters, it is necessary that these char-
acters be assembled into 24-bit words.
Words consist of 24 bits or four groups of
six bits. The figure shows the wiring of
one bit from each group. The W, regis-
ters each contain six consecutive cores
representing the six bits of the selected
group. The groups entering will be

.S,
(LEFT SHIFT 1)

A
(ACCUMULATOR)

RS,
CRIGHT SHIFT 1)

i (bit) i
R j {group) R j
(READ-WRITE REGISTER)

|!}+I

Fig. 5.
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TABLE III. EXAMPLE OF MODE CONDITIONING COMMAND

7 4 o

M1 )

1] ] 1 1 Al ] 1 T 1

1 1 0 1 1 0

' [ 1) [ 1 ] ' 1 '

1 0 0]1 0 O

0: Selects Fixed Mode of Operation for Selected Unit

[Read]

[Density 1|

p,g - Tape Motion Forward or Backward [Fwd,)
ué - Read or Write Tape

ug - No Function

ug - Write Density 1 or Demnsity 2

ug' - Control Interblock Spacing

w3 ?

H1: Selects Variable Mode of Operation for Selected Unit

pcl’ = Start or Stop
ui = TFast Rewind
u% = No Function

[Start]

2: Selects p] Modes to Change if any Flip-Flops Selected in pj3 Set

ucz’ = 1 Y changes state if any Flip-flops in u3 set)
u% = 0 (p% does not change state)
w2z 0
H3. 1Indicates a Change in Mode of Information Concerning Adapter
ug = End of Block »
u% = Selected Count of Characters Exceeded
H§ - Symbol Recognized
u3 = End of Tape
w3 = End of File

ugv = No Function

called vo, v1, v2, and v;, and the desired
word is the string v: ¥: vs v+ Eath
group enters group 3 of R (R;) in sequence
with the bits of each group transferred
in parallel. The sequence of transfers
necessary to assemble a word consist of
Yo —> Rs, Ry = Wo; v1— Rs, Ry — Wy,
Yo — Rs, Ry — Wy, vs — Rs, Ry — Wy;
and finally the simultaneous transfer of
Wi - Ri ($ = 0,1,2,3,). Thus the
assembled word ends up in the R register
and may be written into memory.

When a word is to be read from memory
to a buffer a character at a time, the CS
registers G; (¢ = 0,1,2,3) are used. The
simultaneous transfer R; — G; (@ =
0,1,2,3) occurs first, then the sequential
group transfers G; — R;, R; — buffer
(¢ increasing from 0 to 3).

Command codes which have their
first octal digits a 0,1, or 2 control trans-
fers between certain addressable numbered
CS registers R; (see Table II) (z —
1,2,...73) and IM and among themselves.
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Typical of these addressable registers are
those which serve the function of index
registers, accumulator, quotient, extrac-
tors, and complementor.

Other CS registers, which are not ex-
plicitly addressable in these commands,
such as the registers used for shifting and
assembly are used in executing other com-
mands. Commands40 and 41 are typical
in that they use special core registers to
select any group from the contents of an in-
dex-modified address and place it in a se-
lected group of 4 or Q (quotient register)
and vice versa. ’

STRUCTURE OF THE INPUT-OUTPUT
CONTROLS

The structure of these controls allow
the GCCU to achieve the versatility
required in performing data conversions.
In the process of designing the input-
output controls, two systems of informa-
tion flow emerged.  MKO, Fig. 7, the
simple system is less versatile, and less

expensive since it uses one input-output
register. MK-1, Fig. 8, uses two regis-
ters, one for input and one for output
allowing a very versatile system, but more
expensive.

Command code 70 is used in selecting
information flow paths. It is divided
into five parts controlling five information
paths denoted by ¢; (+ = 0,1,2,3,4). The
command is executed by setting flip-
flops which select the chosen paths.
These paths remain until they are changed
by another 70 command with different
¢i's. The amount of information flow,
when it starts and stops, is controlled by
commands 74 and 75.

MK-0, Fig. 7, only uses four ¢’s. ¢o
controls information flow from the
adapters, buffers, or R register to the
I/0 register. The superscript on ¢
denotes which particular device is selected
for transmission. ¢, controls information
from I/0 to a selected adapter ¢,/ (j = 4
to 63). ¢2 controls information from 7/0
to a selected buffer ¢.f, (B = 1,2). ¢
controls information from 7/0 to the R
register.

Two or more ¢’s in command 70 set up
an information flow path. If a numer-
ical zero is in a given ¢ field, that ¢ is not
selected. Information normally flows
from a selected adapter 7 to a buffer.
Thus if one block is to be transferred into
buffer 1, ¢ and ¢:* would be selected.
The information is processed by taking
information from buffer 1 to IM by select-
ing ¢t and ¢33, If it is desired to recir-
culate the information in buffer 1, then
¢l is also selected. The processed in-
formation may then be sent to buffer 2
by selecting ¢o® and ¢,%. It probably
would then be sent out to adapter j by
selecting ¢o? and ¢y’

MK-0 thus has the limitation that only
one process such as inputting, outputting,
or computing is going on at any one time.
Except for the loss in time in getting things
done this isn’t too serious. However, it
does limit the ability to input from a real
time soutrce which is generating data at a
constant rate and cannot be stopped with-
out losing data.

MK-1, Fig. 8, uses five flow path
selectors ¢i. ¢, ¢1, and &é. control in-
formation flow similar to MK-0 except
that the input and output registers are
separated. ¢; controls information from
the input register to the R register or a
selected buffer. ¢, controls information
from a selected buffer or the R register
to the output register.

Considerable flexibility is possible now.
Information may be flowing to buffer 1
from adapter ¢, and information may be
going to the R register from buffer 2 by
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selecting ¢o', ¢3!, ¢4, -and ¢.3. Inputting
and outputting, while recirculating a
buffer, may be done by selecting ¢,
32, d4l, ¢ot, and ¢,°. It is possible to out-
put from buffer 1 and transfer information
back and forth from buffer 2 to the R
register by selecting ¢4!, ¢1%, ¢o®, 3%, and
then selecting ¢4, 61°, do?, $s

All the combinations of paths will not
be enumerated here, since they are too
numerous. It 1is interesting to mnote
that the roles of adapters, buffers, and
the R register are similar in being trans-
mitters or receivers through the input and
output registers. Thus, transfers be-
tween internal wunits, buffers and R
register, are controlled like transfers
between internal and external units.
The limitations imposed by using the
MK-0 scheme no longer exist. Real-
time continuous inputs may be used
provided that there is time to process
and output the data. Computing may
be going on simultaneously with inputting
or outputting. There is a gain not only
in being able to do more functions, but a
real gain in getting the conversion job
done much faster.

The valves of input-output information
are controlled by the mode conditioning
commands 74 and 75. These commands
select a mode of operation for an input-
output unit, and determine how the mode
will change dependent upon other selected
conditions. The input-output plug-board
determines specific relations between
selected bits of the command and prop-

erties of the input-output units. The
second octal digit 4 or 5 of the
command code determines which flow
path is being controlled. 74 controls
¢o selected paths and 75 controls ¢
selected paths. Only these two paths
need to be controlled. It is only neces-
sary to establish that either the generator
or the receiver controls the basic timing.
The command consists of four parts
u; (¢ = 0,1,2,3). An example of a com-
mand is given in Table ITI. o selects

the fixed mode of operation for the selected
units; for example read or write, forward
or backward, and bit density. Modes
selected here remain fixed until a new
command is given changing them. u
selects variable modes of operation which
may be changed conditional on bits
selected in ue and us. ue selects which
bits of u1 will be changed, and u; selects
the conditions for change. For example
a bit in w; may control start or stop. If
the corresponding bit in us is selected, then
the unit will change from start to stop
when conditions selected in uz occur. The
us condition might be that an interblock
gap occurs, or a certain number of char-
acters has entered, or a symbol has been
recognized, etc.

The plug-board wiring determines which
patrticular characteristics of the selected
unit are to be connected with bit positions
of the command, and which flip-flops of
the flip-flop registers are to be used for
the bit positions. For example, when
adapter 1 is used, its forward or backward
control is connected to w® and the flip-
flop which controls might be Foi.. Adap-
ter j might have its forward or backward
control connected to u? also, but the flip-
flop which controls might be Fus. Thus
adapter 7 could be inputting, while adapter
i is outputting. : ‘

The number of characters entering the
I register will be counted in the K;
counter, and also those leaving the O
register will be counted in the K, counter.
Fixed counts may be selected by pre-
setting the counters since the counters are
addressable through the register trans-
fer commands (first octal digit 0,1, or 2).

@D
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Fig. 7. Core storage re gisters LS;, A, and RS), wiring
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Selected flip-flops will be set when the
counter goes through zero.

Arbitrary symbols may be recognized
when passing through the I or O register.
‘This is accomplished with the addressable
registers S;, D; and Sy, Do. S;and So
contain the symbol and D; and D, con-
tain those bits of the symbol which are
to be compared. This was included since
it is not always desirable to compare all
six bits of a character for recognition.

The Telemeter Magnetics, Inc. 1092-
BU-7 sequential buffers have the property
that 4 pulse is emitted when the buffer is
full or empty. These pulses may be
used to set flip-flops by using the plug-
board position associated with the two
internal buffers: If block sizes greater
than 1092 are required, standard 2184-
BU-7 buffers may be used instead of the
1092-BU-7. It should be pointed out
that additional memory may be added to
the GCCU by considering additional
buffers as input-output equipment. Sim-
ilarly storage devices of large capacity
such as magnetic drums may be added as
input-output devices if needed for some
particular applications.

OTtHER COMMANDS

The other commands not previously
discussed relate to index registers, jumps,
flip-flop controls, arithmetic operations,
and extracts. These commands are
listed in Table I; however, they will be
discussed briefly to complete the picture
of the GCCU. ’

There are seven index registers B;
(¢ = 1,2,...7) contained in the CS
registers. Commands which may be
index-modified contain a B; in the last
three bits of group 1. Transfers to and
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from B/'s are controlled by the transfer
commands. The contents of an index
register may be modified by adding N to
it or by adding the contents of an index-
modified address. A jump instruction is
also provided so that a jump to an index-
modified address is made if the contents
of the selected index register is zero.

There are conditional jumps made on
the contents of the 4 or Q registers being
zero, and an unconditional jump. Index-
modified address jumps may also be
made on the set condition of any of the
64 addressable flip-flops. Groups of
flip-flops selected by bit position in a word
or by address may be set or reset. The
use of these flip-flop commands allows
the programmer to program break-points,
since flip-flops can be set by switches.
‘When trouble-shooting programs, the
contents of IM or the CS register may be
examined by programming the GCCU to
read out the information of interest on an
automatic typewriter.

The arithmetic operations provided are
add, subtract, multiply, and divide.
Addition and subtraction may be done
by adding and subtracting the contents
of an index-modified address to either the
A4 or Q register, with the sum remaining
in the register. Multiplication and divi-
sion are performed with the multiplicand
(or dividend) in A4, and the multiplier
(or divisor) in an index-modified address.
The most significant part of the product
appears in A4, and the least significant
part in Q. The quotient appears in Q
and the remainder in 4. These opera-
tions may be performed on the whole
word, the last 12 bits or the last 6
bits (group 3). The representation of
negative numbers is by 1’'s complement.

There is an extract command which
forms the logical product of the selected
extract register with the contents of an
index-modified address, and which then
forms the logical sum of this product with
A4 or Q. The extract registers E; (i =
0,1,2,3) are addressable CS registers.

APPLICATIONS OF THE GENERALIZED
CeENTRAL CoNTROL UNIT

The GCCU will do as fast a job as a
media translator or a data converter with
a conventional CCU will do. It will do
much more since programs can be written
which will take care of any translation
problem which can be programmed. If
new adapters need to be added to take care
of new physical format problems, they
are added by means of the plug-board.
But the internal machine does not change,
even if new linguistic problems arise.

The time required to do a conversion
of course depends on the complexity of
the operations, and the capabilities of the
programmer. An IBM 705 to Reming-
ton Rand Univac 11034 conversion pro-
gram was written. The conversion rules
were that variable IBM 705 words were
to be made into fixed length 17034 words
by chopping long words and adding zero
to short words. The binary coded deci-
mal word was to be converted to a
binary word. The variable IBM record
was to be made into a fixed Remington
Rand Univac block. -

All the housekeeping, counting, and
rearranging took 75 words in IM, includ-
ing instructions and storage of constants.
The binary-coded decimal to binary con-
version subroutine utilized a table of the
double-precision binary equivalents of the
b ¢ d digits for the appropriate powers of
ten. This takes 9 (b ¢ d character/power
of 10) times [7 (powers of 10) times .2
(double precision binary equivalents) + 4
(powers of 10) times 1 (single precision
binary equivalents)] or 162 words in
IM. The double-precision binary equiv-
alent is found by summing the equivalents
of each b ¢ d digit found in the table. In
addition to the table, 56 words were
required to prograim the subroutine. This
method of table look-up is the most effi-
cient timewise technique to use for the
GCCU, since the machine was designed
to handle manipulation of data much
more rapidly than its arithmetic opera-
tions.

Not much has been said of other adapt-
ers beside those used for magnetic tape
units. Some important adapters which
have been considered are these which
allow for punched card and punched paper
tape inputs, and for punched card,
punched paper tape, and high-speed
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printer output. In the punched card and
printer cases, special magnetic core
buffers would be used in the adapters for
the special conversions required. In the
case of punched card input, a Telemeter
Magnetics, Inc. 80-CB-7 magnetic core
buffer would be used. This takes in-
formation presented in 80 columns, 12
rows and presents it with some decoding
into 6 bit serial characters. For punched
card output, a Telemeter Magnetics,
Inc. 80-CB-12 magnetic core buffer
would be used. This takes 6-bit serial

character information and presents 12-

row 80-bit parallel output. A typical
printer might use a 120-BA-56 which
takes 6-bit serial character information
and forms a print wheel core image for
printing.

Besides doing conversions with difficult
variable linguistic format transformations,
this equipment is well suited to do com-
plex editing searches, collating and sort-
ing. Simple editing, like selecting given
characters out of-given blocks, is done at
speeds comparable with pluggable data
converters with unlimited selection ca-
pabilities.

Complex editing used when selecting
only significant data by criteria such as
selecting significant points for curve
fitting take more time, but can be done
efficiently if not too many arithmetic

operations are required. Searches, collat-
ing and sorting are done rapidly since the
equipment was designed to handle table
look-ups, comparisons, and manipulation
of data rapidly.

REMINGTON RAND UNivac 11034—IBM
704 MEgprA TRANSLATOR FUNCTIONS

The functions of the Remington Rand
Univac 11034—IBM 704 media, trans-
lator follow:

A. Conversion
1. Remington Rand Univac 1103A mag-
netic tape and IBM 704 magnetic tape.

B. Functions
1. Checks Remington Rand Univac
11034 magnetic tape for lateral parity
and block length.

2. Checks IBM 704 magnetic tape for
lateral and longitudinal parity.

3. Fixed block length conversions from
blocks of 60 characters to 1,000,

4. Input may be continuous up to 5 ke
(without inter-block gaps) and output in
block format.

5. Bad spot logic and control for Rem-
ington Rand tape.

6. Block counters to position tape or
translate a preset number of blocks.

7. IBM end of file mark stops conver-
sion optionally.

8. Speed limited only by tape handlers.

9. Newly written tapes may be checked
on rewind.

10. End of tape mark can be written
manually.

A1r Force MissiLE Test CENTER DATA
CONVERTER FUNCTIONS

A. Conversions .
1. FLAC magnetic tape2FLAC paper
tape. :
2. IBM (704, 650) magnetic tapes
FLAC paper tape.
3. Remington Rand TUnivac
paper tape2FLAC paper tape.
4. FLAC paper tape=FLAC paper
tape. )
5. IBM (704, 650) magnetic tapez
FLAC magnetic tape.
6. Remington Rand Univac 11034
paper tape=2FLAC magnetic tape.
7. FLAC magnetic tapee2FLAC mag-
netic tape. : :

11034

B. Pluggable or Switch Operations
1. 0Odd or even lateral parity check and
generation.
2. Ten character codes may be recog-
nized and used for control.
3. Parts of blocks may be converted by
counter selection: .
(a) Select any four words in block.
(b) Select all words between counter
selected. boundaries.
4. Block counter used to convert every
nth selected block.
5. Fixed word length from variable
word length by clipping or adding zeros.
6. Automatic complementing and sign
code conversion from 11034 paper tape.
7. FLAC to IBM 650 causes a change of
position of sign in word.
8. A word of six 6-bit characters may be
converted to a word of ten 4-bit charac-
ters and vice versa.

The Universal Data Transcriber. A New
Approac‘h to Data Conversion Equipment

MARVIN S. MAXWELL

NONMEMBER AIEE’

HE Universal Data Transcriber is a

device to convert digital data from
one form to another. The input to the
system can be cards, paper tape, magnetic
tape, or the output of almost any source
of digital data that does not exceed 500,-
000 bits per second. The output of the
converter can be cards, magnetic tape,
paper tape, low- or high-speed printers,
point plotters, or almost any other digital
output device. The conversion process
allows for very flexible code and format

conversion as the data is transcribed from

one medium to another.

The Universal Data Transcriber con-
sists of appropriate input-output equip-
ment and a microprogrammed, semi-
variable-structure, stored-programmed,

single-address binary computer. The
computer has a high-speed random access
memory of 8,192 characters of 8 data bits
plus one check bit each, and will average
70,000 instructions per second. The
operation of the system depends upon the
microprogram of the computer to generate
special orders which will transfer data
from the particular external input device
currently in use to the computer memory,
and from the memory to the external out-
put device currently in use. The use
of microptogramming, which is ac-
complished by use of a plughoard, allows
an efficient transfer of data between the
computer memory and the external de-
vices with a minimum of special equip-
ment. Conversion of the data within the
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memory from one form to another is ac-
complished by the use of an appropriate
stored program. This gives a very flexi-
ble system, since all that is required to
change the system from one job to another
is to change the connections to the ex-
ternal equipment, insert a different plug-
board, and load a new program into the
computer memory. This system was
conceived, designed, and is under con-
struction by the Computer Research and
Development Branch of the Computation
and Exterior Ballistics Laboratory of the
United States Naval Proving Ground,
Dahlgren, Virginia. .

Description of the Computer

The basic structure of the computer is
shown in the diagram of Fig. 1. It con-

MAaRVIN S. MaxweLL is with the United States
Naval Proving Ground, Dahlgren, Va.

A project of this nature is the work of a number of
people. The author wishes to thank P. H. Burk-
hart for his assistance in writing this report, W.
P. Warner for his assistance in preparing pre-
liminary programs, and J. Pinker, Jr., G. V. Olds,
A. O. Danello, J. C. Carlock, E. J. Culhan, and
J. R. Gros for their work in designing the system.
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sists of an input register, output register,
two computing registers (R-1 and R-2),
six B-registers (address modifiers), in-
struction register, instruction counter,
indicator latches (single-bit registers),
and other special registers. External de-

vices communicate with the computer via

the input and output registers under con-
trol of the computer. The input register
can select at high speed from either of two
different external devices. The output
register is normally connected to only one
unit. Indicator latches are used both to
control the external devices and to signal
the condition of the external devices to
the computer. .Special electronic signal-
generating equipment tailored to each
type of external device is used to facilitate
communication with the input register,
output register, indicator latches, and the
external device.

The computer has a high-speed random
access core memory with a capacity of
8,192 characters, each consisting of eight
bits plus a check bit. A character is
treated as a pure binary number by the
arithmetic section of the computer and
a single instruction generally affects only
one character. Since there are no multiply
or divide orders, the operating binary
point may be considered to be in any con-
venient location. The carry (borrow) bit
may be propagated from character to
character in addition (subtraction) with
use of double precision orders. A single
reference to the memory brings out four
characters designated as MO0, M1, M2,
and M3 into the memory register. Ad-
dresses evenly divisible by four always
correspond to the character read out as
MO. Instruction words. consist of the
four characters M0, M1, M2, and M3.
Instruction words are logically divided
into 4 fields as shown, namely: operation
code, B-register specification, address
specification of reference to memory, and
the limit value of Bux.

The time required to execute orders
which. require only one reference to
memory such as program transfers is ap-
proximately - 11 microseconds. Orders
which require two references to memory,
such as read out or store orders, require
approximately 21 microseconds. A com-
plete description of the order codes is
avajlable in Appendix I.

Each of the six B-registers has eight
binary columns plus a check column.
Address modification is performed by
overlaying the contents of the eight least
significant columns of the 13 binary-
column address field with the contents of
the specified B-register. The overlaying
process is a logical addition in which the
contents of 4 binary column in the address
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field is changed only when a zero is over-
laid with a one-bit.
For example:

Address field 1 1011 1001 0110
B-register 0101 0011
Result 1 1011 1101 0111

The contents of B-registers may be in-
cremented by one either automatically
after use if so desired or on command.
If it is desired to increase the contents of
a B-register by any value other than one
or to decrease its contents by any value,
the B-register may be operated on by the
use of appropriate order codes.

One of the B-registers, B6, is normally
connected as a real-time counter. It may
be preset to any value up to its limit of
eight bits and a one is added to the con-
tents of the register every 0.504 milli-
second. The counting ceases when the
contents of the register reaches 377 octal.

- With use of this feature and instructions

for read out and limit sensing on the B-
registers it is possible to program measure-
ment of real-time for controlling external
devices.

Bits
8
7
6
"Operation 5
code 4 MO
3
2
1
B-register g
specifications 6
5
4 M1
3
12
1
Address specification of 8
reference to memory 7
6
5
4 M2
3
2
1

Limit value of Bx

=N WOt O N 0
5

CHECKING PROCEDURES

The computer has automatic circuitry
built into the system to check the ac-
curacy of its operation. ‘This check adds
a parity bit to the 8 bits in each character
so that the modulo two sum of the binary

one’s of these nine bits is always odd.
This check bit is generated after data
enters the input register, is corrected as
the characters are modified by various
orders, and is stored in the memory along
with the character. An automatic check
is made for the presence of the proper
parity count as the data are transferred
from. the memory into the working regis-
ters or the instruction register. The
values in the B-registers are checked auto-
matically as they are used and there are
checks on the execution of the overlay
and shifting opetations in the computing
registers.

Whenever possible, checks will be
made on the accuracy of data transmis-
sion between the computer and the exter-
nal devices. For example, in card read-
ing, data will be loaded into two inde-.
pendent shift registers from two reading
stations, and after the card images are
assembled in memory they will be checked
against each other. In punching data into
cards, thecard will be read back into the
computer after being punched, and this
card image will be checked against the
card image sent out to the punch. When
magnetic tapes are written, the data will
be read back into the computer and a
check will be made on the correctness of
the data.

Special Features of the UDT

The most outstanding difference be-
tween the computer of the TJniversal Data
Transcriber (UDT) and any other single-
address binary computer is the availabil-
ity of the plugboard and the plugboard
instructions. The plugboard is divided
into three regions. The first region con-
sists of information coming from equip-
ment in the computer to the plughoard.
This includes all of the registers, such as
register 1, register 2, input register, out-
put register, instruction register, instruc-
tion counter, B7, and the indicator
latches, plugboard instruction specifica-
tion, and the internal clock. Also in this
region are external inputs from the various
input and output devices which have been
converted to the proper signallevels. The
second region of the plugboard consists of
a set of approximately 75 logical pack-
ages. These packages are identical to
those used in the construction of the rest
of the computer. In the third region of
the plugboard are exits from the plug-
board to the control lines in the com-

"puter. These lines control the transfer of

data from “‘register to register,” use of the
B-registers, controlling memory cycles,
setting of indicator latches, shifting vari-
ous registers, etc. Thus, by using all

Maxwell—The Universal Data Transcriber
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Fig. 1. Block diagram of Universal Data Transcriber

three regions of the plugboard almost any
conceivable, or desirable, cycle of actions
can be controlled from the plugboard.
This feature is primarily for use with ex-
ternal devices to get data to or from them
and the memory of the UDT.

The indicator latches in the computer
are used primarily for communication be-
tween the UDT and external devices.
For example, some of the indicator
latches could be wired, via the plugboard,
to control the stopping, starting, or read-
_ ing or writing of a tape unit. Other indi-

cator latches could be used to indicate to

the UDT that an external device is in cer-
tain conditions; for example, that a card
reader is moving cards, or ready to scan
one row of information, or that it is out of
cards, etc. Thus, the program can control
external devices, and external devices can
be sensed by the program by use of the
indicator latches.

Another feature of the UDT is the ‘“‘pro-
gram interrupt” ability. If a particular
exit on the plugboard is energized the
computer will go into a program interrupt

cycle. This exit can be energized from an
indicator latch, or combinations of indi-
cator latches and various conditions by
wiring on the plugboard. When this con-
dition occurs the computer will auto-
matically make a program transfer to in-
struction location 4 at the end of the cur-
rent instruction.. The address, ¥, of the
instruction which would have normally
been executed next, if the program inter-
rupt condition had not occurred, will be
automatically stored in character loca-
tions 1 and 2 in a form so that if the
character in location 0 is the code for a
program transfer, jump, command and
the instruction at location 0 were to-be--
executed, the computer would jump to
the proper address, Y. When this feature
is used the program, starting at location 4,
must be suitable to take the appropriate
action for the condition which caused the
jump. After this is done, the program
wotuld normally remake the appropriate
registers, and then jump to location 0,
which would cause the jump back to the
main program at the proper place. By
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using this feature the computer can react
rapidly to external control information
without requiring repeated sensing on the
condition. :

Advantages and Limitations

The major advantage of the UDT is
its flexibility. It is not tailored to any
specific computer or type of data conver-
sion and is therefore not likely to become
obsolete as fast as many specialized con-
verters. The microprogramming and

“stored program features makes it easy to

implement almost any desired conversion
with a minimum of engineering effort and
special equipment. The major disad-
vantage of this approach is that it is more
expensive than any single specialized
converter.

To establish the capabilities of the
UDT, several preliminary programs have
been prepared. One program for con-
verting 80-column alphanumeric Inter-
national Business Machines Corporation
(IBM) cards to NORC magnetic tape
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provides for arbitrary code and format
conversion, specified by header cards, and
converts data to magnetic tape at a rate
of 450 cards per minute. Similar pro-
grams have been developed for conversion
from one magnetic tape system to
another. If there is a conversion in both
the code representation of the data and
in the format, but not in the number base,
the system can convert 4-, 5-, 6-, 7-, or 8-
bit characters from one form to another at
a rate of approximately 3,000 characters
per second. Conversion can be made from
48-bit binary words to decimal digit
words at a rate of approximately 16 words
per second. Conversion can be made
from 13-digit decimal words to binary
words at rates in excess of 50 words per
second.

Engineering Considerations

The Universal Data Transcriber is
being designed and constructed at the
United States Naval Proving Ground,
Dahlgren, Virginia. Subcontractors are
providing the memory, logical building
blocks, and various specialized input and
output circuitry. The system which is
currently being assembled is scheduled to
become operational in the first quarter of
1959 and will consist of the central com-
puter, a magnetic tape transport, an IBM
514 used as a card punch, an IBM 407
used as a printer, a modified IBM 101
used as a card reader, and a Flexowriter.
The computer with memory, level con-
version circuitry, plugboard, power sup-
plies, and console will occupy 5 relay
racks. :

The .logical building blocks are all
transistorized megacycle SEAC type
circuitry built by . Computer - Control
Company. Some of these are being modi-
fied to. provide 2-phase operation where
the extra speed is required. The memory
is an all-transistorized magnetic core
memory with a full read-write cycle time
of 10 microseconds, and operates in
parallel on a 36-bit word or 4 characters
of 9 bits each. The 80-brush reading
station of the IBM 101, used as a 450-
card per minute reader, will load the data
from a row in the card in parallel into a
magnetic shift register which will be
shifted into the computer on four wires
in 600 microseconds. A similar cir-
cuit will be used on the second reading
station so as to provide a check on the
reading. Data are punched into IBM
cards at 100 cards per minute by serially
shifting, one bit at a time, at a 100,000
cycle shift rate, the 80 bits in the row to
be punched. This shift register will pick
up relays which will control the punch
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magnets in an IBM 514. The reading
station which follows the punching sta-
tion will be equipped with magnetic shift
register for reading back the data from
the punched card for a check. The same
shift register and relays which are used in
punching is 120-bits long so that it can
be used to control the printing on an IBM
407. A Flexowriter is permanently at-
tached to the system to provide com-
munication between the computer and the
operator and is used as an input for the
program tapes, and as an input or output
of 5+, 6-, 7-, or 8-channel paper tape.

Conclusions

The Universal Data Transcriber is a
very flexible data conversion system.
This system not only allows conversion of
data from almost any digital source into
an appropriate form for a general-pur-
pose computer but also reduces the com-
puting time requited in the general-
purpose computer, since most of the for-
mat conversion and editing will be per-
formed in the Universal Data Transcriber.

Appendix . Order Codes

An instruction word consists of 32 bits.
13 bits are used to designate the address of
the operand; this is called the address field
and is designated by A. Three bits specify
which of the six B-registers, Bl, B2, B3, B4,
BS, or B6, (also called B box, index register,
or address modifier) is to be used. In all
cases the contents of the selected B-register
(8 bits) is overlaid, forming the logical sum,
with the low-order 8 bits of the 4 field be-
fore the address is used. Eight bits are
used to designate the limit value of the con-
tents of the selected B-register to control
some conditional transfers. Eight bits,
divided into 3 digits, are the command field.
The high-order digit specifies the code group
0, 1, 2, or 3. An instruction word is as-
sembled from 4 characters as indicated.

The prime symbol “7”’ is used to desig-
nate ‘‘the contentsof.”” For example, a
reference to A4 refers to the 13-bit address
field itself, but a reference to 4’ refers to the
character stored at address 4. Inall cases,
unless specifically stated to the contrary,
when data is transferred from one register
to another the data remain in the source
register and the receiving register is cleared
to all zeros before, or as, the data are re-
ceived.

In writing the orders in the following
groups the subject matter is consistent
with the concepts expressed in the following
definitions.

(@) =The 11 high-order bits in a 13-bit ad-
dress in the instruction register in
which the 2 low-order bits are always
zero. (a) identifies the location of a
specific instruction stored in memory.

A =The 13-bit address in the instruction
register which identifies a specific
location in the memory.

A’=The 8-bit character made available by
access to the memory at address 4.

Bx’ =The 8-bit character made available by
access to that B-box which is desig-
nated as Bx.

The address 4 may be modified by overlay-
ing it with Bx’. A’ will then identify the 8-
bit character made available by access to
the memory at the modified address 4.

Bits
(8
7
6
3-digit specification of | <5 M0
command field 4
3
2
1
. . . . 8
1-digit Bx specification 7
6
5
% 5%
3
2
1
5-digit specification 4 8
15
(a) portion of 4 5\7 1790
4 -
3
2
1
8
7
. 6
3-digit specification of 5 M3
limit value of Bx 4
3
2
1

Group 0

The execution time of orders in this group
is 20 microseconds. All 4 addresses may
be overlaid with the contents of any one of
six B registers (in the recirculating ring) by
specifying Bx in the B-field of the instruc-
tion. The value of x may be: 1, 2,3, 4, 5,
or 6 to overlay 4 with the contents of Bl,
B2, B3, B4, B5, or B6 respectively.

If BO is specified, there will be no overlay.
If B7 is specified, the contents of Register
B7 will not be overlaid on A. Subtract
orders do not leave a record of a possible
negative sign in the result. - Propagate add
and subtract orders are used in multiple
precision arithmetic.

041 A’ to R1: clear register 1, transfer 4’
into register 1.

051 A’to R1: add 1 to Bx after modifying
A.

021 A’ ‘to R2: clear register 2, transfer 4’
into register 2.

031 A’ to R2; add 1 to Bx after modifying
A,

025 Add 4’ to R1: clear register 2, trans-
fer A’ into register 2, clear ‘carry storage,
add A4’ to contents of register 1, put sum in
register 1, store overflow bit, if any, in carry
storage, reset register 2 to all zeros.

Maxwell—The Universal Data Transcriber



035 Add A’ to Rl; add 1 to Bx’ after
modifying 4.

024 Propagate add A’ to R1’: clear reg-
ister 2, transfer A’ into register 2, add A’
to contents of register 1 without previously
resetting carry storage, put sum in register
1, store overflow bit, if any, in carry storage,
reset register 2 to all zeros. )

034 Propagateadd A’ to R1’; add 1 to Bx’
after modifying 4.

Note: With reference to orders 023, 033,
022 and 032, if the contents of register 1
are greater than or equal to the contents of
register 2 (minuend greater than or equal to
subtrahend) the result will be a binary dif-
ference with final contents of borrow storage
equal to zero. If, however, the contents of
register 2 are greater than the contents of
register 1 (minuend less than subtrahend)
there will finally be a one in borrow stor-
age and the true difference will be equal to
the contents of register 1 minus 28, In this
latter case, by subtracting the final contents
of register 1 from zero, the absolute value
of the difference between the minuend and
the subtrahend can be obtained.

For multiple-precision arithmetic the
nonreset of the borrow in orders 022 and 032
is related to preceding orders so that the
final presence or absence of borrow refers to
the entire sequence of operations. The
true difference may be equal to the contents
of register 1 minus 216 or 2%, etc.

023 Subtract A’ from R1’: clear register
2, transfer A’ into register 2, clear borrow
storage, subtract 4’ from contents of reg-
ister 1, store the borrow bit, if any, in
borrow storage, store the answer in register
1, reset register 2 to all zeros. (See note.)

033 Subtract 4’ from R1’; add 1 to Bx’
after modifying 4. (See note.)

022 Propagate subtract 4’ from R1’:
clear register 2, transfer A’ into register 2,
subtract 4’ from contents of register 1
without resetting borrow storage, store the
final borrow bit, if any, in borrow storage,
store the answer in register 1, reset register 2
to all zeros. (See note).

032 Propagate subtract A’ from R1’; add
1 to Bx’ after modifying 4. (See note.)

026 Logical product (extract) 4’ and R1’:
clear register 2, transfer 4’ into register 2,
form the logical product, bit by bit, of 4’
and contents of register 1, store the result
in register 1, clear register 2.

Example:
Contents of register 1 =R1’=10101010
Contents of register 2= A’=00001111

Logical product =00001010

036 Logical product (extract) 4’ and R1’;
add 1 to Bx’ after modifying 4.

027 Add A’ to R1’ with no internal carry:
reset carry storage, clear register 2, transfer
A’ into register 2, add A’ to contents of
register 1 with no internal carry propaga-
tion during adding, store the result in regis-
ter 1, clear register 2. The presence of a
final result in register 1 is an indication that
the original operands were not equal.

Example:
Original R1'=01011101
R2'=4"' =10111101
Final R1’ =11100000

037 Add 4’ to R1’ with no internal carry;
add 1 to Bx’ after modifying 4.

020 Overlay R1' with A’ and put the re-
sult in R2: reset register 2, overlay R1’
with 4’ and put the result in register 2.

030 Overlay R1’ with A’ and put the re-

sult in R2; add 1 to Bx’ after modifying 4.

040 Store R1’ in A: reset the memory at
the address A4, transfer the contents of
register 1 into memory at address 4.

050 Store R1’ in A; add 1 to Bx’ after
modifying 4.

060 Store R2’ in A: reset the memory at
the address 4 transfer the contents of regis-
ter 2 into memory at address 4.

070 Store R2’ in A; add 1.to Bx' after
modifying 4.

011 Add 1 to Bx' and program transfer to
(a) if A0 and final Bx'=M3’: add 1 to
the contents of Ba and store the result in Bx.
The program will proceed to the next in-
struction unless 4 520 and the final value of
Bx'sM3’. For this condition there will be
a program transfer to the instruction in
address (a).

010 Add R1’ to Bx’ and program transfer
to (a) if 40 and final Bx'=M3’; add the
contents of register 1 to the contents of Bx
and store the result in Bx. The program
will proceed to the next instruction unless
A#0 and the final value of Bx’#M3'.
For this condition there will be a program
transfer to the instruction at address (a).

044 Shift the 4 low-order bits of R1’ into
the relay register and program transfer to
(2) if 40 and Bx'#M3’: right shift the
4 low-order bits of Register 1, bit by bit,
into the high end of the 120 bit relay shift
register at a rate of 5 microseconds per bit.
The original four high-order bits of register 1
will remain in register 1 as the four low
order bits. The program will proceed to
the next instruction unless 470 and
Bx’'s M3’. For this condition there will be
a program transfer to the instruction at
address (a).

Group 1

The low order digit used in codes in this
group is designated by the octal digit x. (x
may have the value 0, 1, 2, 3, 4, 5, 6 or 7.)
In all cases the number of shifts specified by
x and the number of bits which may be
thereby counted is equal to x+41. All
shifts are to the right, that is: high order
bits are shifted toward lower order positions.
For all orders in this group the program will
proceed to the next instruction unless 4 =0
and Bx’#M3’. For this condition there
will be a program transier to the instruction
at address (¢). The execution time for
orders in this group is 10 microseconds if
A =0 and 11 microseconds if 4 0.

11x Right shift register 1, x+1 places:
the bits shifted out of register 1 are lost.

12x Right shift register 2, x-+1 places:
the bits shifted out of Register 2 are lost.

13x Right shift the contents of register 1
into register 2: right shift the contents of
both register 1 and register 2 so that x+1
low-order bits of register 1 are moved into
the high-order end of register 2. The x41
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low-order digits of register 2 are shifted out
and lost.

14x Shift the contents of register 2 into
register 1: right shift the contents of both
register 2 and register 1 such that x+41 low-
order bits of register 2 are moved into the
high-order end of register 1. The x+1 low
order bits of register 1 are shifted out and
lost. .

15x Count bits: right shift the contents of
register 1, x+1 places, inceasing the con-
tents of counter P by the number of binary
ones shifted out of register 1. Counter P
counts modulo 8.

Group 2

224 Transfer the 8-low-order bits of A to
Bx: reset Bx, transfer the 8-low-order bits
of 4 in the instruction register into Bx.
The execution time for this order is 14
microseconds. :

225 Transfer the contents of register 1
into Bx: reset Bx, transfer R1’ into Bx.
The execution time for this order is 10
microseconds.

213 Program transfer to (a) if Bx'=M3":
the program will proceed to the next in-
struction unless Bx’s<M3’. For this con-
dition there will be a program transfer to
the instruction at address (@) regardless of
whether 4=0 or 450. In this program
transfer, (a) is not overlaid with the contents
of Bx. The execution time for this order is
11 microseconds.

Note: For all of the following orders in
Group 2, the program will proceed to the
next instruction unless 4 0 and Bx' > M3.
For this condition there will be a program
transfer to the instruction at address (a).
The execution time for the following orders
in Group 2 is 10 microseconds. when 4 =0
and 11 microseconds when A4 0.

221 Set Iy: set the condition of all 8 Iy
latches in conformity with the information
in register 1. There is a latch for each bit in
register 1 and this latch is turned on for a
“one” condition in register 1 and turned off
for a ““zero’’ condition in register 1.

241 Set counter P to zero.

293 Transfer contents of input register to
register 1: reset register 1, and then trans-
fer the contents of the input register into
register 1.

9226 Transfer contents of Bx to register 1:
reset register 1, transfer the contents of Bx

into register 1.

232 Transfer the contents of counter P
into the input register: reset the input reg-
ister, transfer the contents of counter 4
by way of the plugboard into the input
register. The plugboard allows flexibility in
the location, the bits transferred and the
sense of the bits transferred into the input
register.

230 Input K to input register: reset the
input register and transfer 8 bits by way of
input K into the input register. Input K is
connected to its signal source through the
plugboard.

231 Input J to input register: reset the
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input register and transfer 8 bits by way
of input J into the input register. Input J
is connected. to signal source by plugboard.

260 Transfer the contents of register 2 to
the output register by way of L: reset the
output register, transfer the contents of reg-
ister 2 to the output register by way of the
plugboard and entry terminal L of the out-
put register.

261 Transfer contents of register 2 to the
output register by way of M: reset the
output register, transfer the contents of
register 2 to the output register by way of
the plugboard and entry terminal M of the
output register.

Group 3

The execution time for orders in this group
is 10 microseconds except for order 34x. In
the jump orders the eight low-order bits of
A may be overlaid.with the contents of Bx.
When the low-order digit of the code is
designated by x, x can have the value of 0,
1,2,3,4,5,6,0r7.

310 Jump to (@): unconditionql program
transfer to the address (a) specified in the
instruction register,

317 Jump to (e) and stop: unconditional

program transfer to the address (@) specified
in the instruction register and stop before
the execution the new instruction.

311 Jump if contents of register 1=0:
conditional program transfer to the address
(@) specified in the instruction register if the
contents of register 1=0. If contents of
register 10, go to the next instruction.

312 Jump if contents of register 2=0:
conditional program transfer to the address

" (a) specified in the instruction register if

the contents of register 2=0. If the con-
tents of register 270, proceed to the next
instruction. )

313 Jump if contents of counter P=0:
conditional program transfer to address (@)
specified in the instruction register if the
contents of counter P=0. If contents of
counter P 0, proceed to the next instruc-
tion.

314 Jump if contents of carry storage=1:
conditional program transfer to the address
(a) specified in the instruction register if
the contents of carry storage=1. If con-
tents of carry storage=0, proceed to mnext
instruction.

315 Jump if contents of borrow storage=1:
conditional program transfer to address (a)

specified in the instruction register if con-
tents of borrow storage=1. If contents of
borrow storage=0, proceed to the next
instruction.

32x Jump if indicator latch Ix is in “‘one”
condition: conditional program transfer to
address (@) in the instruction register if the
indicator latch is in condition ‘“‘omne.” If
indicator latch is in condition ‘‘zero” pro-
ceed to next instruction. g

33x Set indicator latch x to “‘one” condi-
tion.

37x Reset indicator latch x to ‘zero”
condition.

34x Execute plugboard controlled instruc-
tion x.

35x Sense on breakpoint switch x. The
breakpoint switch is not shown in the circuit
diagram. If breakpoint switch x is in
“off”” position, proceed to the next instruc-
tion. If the breakpoint switch x is in
“transfer” position use the address (a)
specified in the instruction register for the
address of the next instruction. If the
breakpoint switch x is in ‘‘stop’ position,
prepare to use the address (a) specified in
the instruction register for the address of
the next instruction and stop.

A Universal Computer Language

Translator

R. B. BONNEY

NONMEMBER AlEE

AN Univac talk to Bizmac? As more
and more electronic data-processing
systems are put into operation, the need
for rapid and efficient information inter-
change becomes important. Many or-
ganizations have evolved data-processing
systems using a combination of different
computer types, together with a variety
of input and output equipment. The
use of different computers in a single or-
ganization does not necessarily represent
poor planning, since the requirements of
one group may dictate the use of a par-
ticular type of computer which is in-
adequate for the requirements of a dif-
ferent group.

To achieve efficient utilization of an
electronic data-processing system, it is
often desirable to transfer output data
from one computer to a different com-
puter for additional operations.

The need for interchange between dif-
ferent organizations is also beginning to
develop, and can be expected to increase
as electronic data-processing spreads.
Acceptance of payroll deduction reports
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on International Business Machines Cor-
poration (IBM) 705 magnetic tapes by
the Treasury Department and the Social
Security Agency are typical examples.

Transformation from one form of data
to another is another common require-
ment. Conversion from magnetic tape
to punched paper Teletype tape is rep-
resentative of a wide variety of such
requirements.

Unfortunately, the designers of elec-
tronic computers have made very little
attempt at standardization. In nearly
all cases, the recording format and coding
used by the various computer manu-
facturers are sufficiently different to pre-
vent direct interchange of data. Un-
doubtedly, the very rapid development
and growth of the computer industry
have been major factors in the lack of
standardization.

The commonly used method of ac-
complishing data translation between
computers up to now has been by means
of punched cards, and in some cases
punched paper tape. Translation by

these methods is seriously hampered by
the speeds of operation. Some special-
purpose high-speed translation equip-
ment has beep built for direct translation
of data on magnetic tape. However,
because of the wide variation in require-
ments, the equipment developed for a
specific application ordinarily cannot be
used in a different application without
modification or complete redesign.
Realization of the need for “‘universal”
translation capability resulted from work
on data-handling systems for scientific
test data. For this purpose, 2 computer

format control buffer was developed to

accept unsynchronized, continuous digital
input data which are to be converted to
magnetic tape, in a format directly usable

by a computer.

In discussing other applications of this
equipment, it soon became evident that
1o two applications were alike, and that
too much re-engineering -would. be_re-
quired to adapt the equipment to each
new- situation. It was, therefore, de-
cided that an attempt should be made to
develop a system with the flexibility
necessary to meet all commonly en-
countered translation requirements with-
out becoming overcomplex and eco-
nomically impractical. The Computer
Language Translator is the result.

In considering all possible applications,
there is a wide variety of requirements

R. B. BoNNEY is with Electronic Engineering Com-
pany of California, Santa Ana, Calif.
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Fig. 1. Basic block diagram of Comvputer Languagre Translator (ZA-100)

which must be fulfilled by the translator
equipment. A major undertaking in
connection with this development has
been the assembly of the myriad of details
required for each computer format and
for the numerous input and output de-
vices which are expected to operate with
the Translator. Although the equip-
ment manufacturers have generally co-
operated admirably, the problems in
sorting out and verifying the necessary
details have been considerable. The
available literature is helpful but ordi-
narily does not give sufficient information,
and it is difficult to locate the individual
who can provide all of the answers.
Another problem has been to incor-
porate the necessary intelligence into the
equipment without the Translator grow-
ing into a full-fledged digital computer.
The reader may ask, “Why not use one
of the smaller general-purpose digital
computers rather than develop new equip-
ment specifically for translation?”” There
are a number of answers to this question:

1. All of the smaller computers currently
available use magnetic drum memory, and
as a result their speed of conversion would
be much too low.

2. A magnetic drum is usually not suitable
for delivering synchronous output data at
a rate different from the input. This is one
of the most fundamental translation re-
quirements.

3. A large part of the translation process
is involved with control of the data input
and output devices. A general-purpose
computer cannot provide these control fea-
tures.

The required flexibility has been pro-
vided by means of the “building block”
modular technique. Thus, by providing
the proper combination of modules, the
needs of a particular data-processing sys-
tem can be fulfilled without providing an
overcomplicated system, containing ex-
cess features and equipment.

The design has been worked out around
a foundation building block called the
universal format control. This portion
of the system is common to all applica-
tions. It contains a buffer memory,
operator’s controls, counters, and power
supplies required for most operations.

Functions which are peculiar to a par-
ticular type of data input or output de-
vice are treated separately through the
use of input and output control units.
Ordinarily a separate control unit is re-
quired for each different type of data to
be handled. This works out to be feas-
ible from an equipment cost standpoint,
since most input or output controls rep-
resent less than five 9 of the cost of the
central universal format control.

Fig. 1 is a block diagram of the basic
system. For multiple function systems,

" the universal format control can be shared

between several input and output con-
trols through the use of patchboards as
shown in Fig. 2.

The operation of the Computer Lan-
guage Translator can be divided into the
two general categories of format conver-
sion and code conversion.
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Format conversion is concerned with
the transformation of the physical char-
acteristics of the input data to the re-
quired output form. Format conversion
may involve radically different forms of
input and output such as the translation
of punched cards or punched tape to
magnetic tape. On the other hand, the
format conversion may require the trans-
lation of one magnetic tape to another
magnetic tape with different recording
speed and geometry.

Code conversion may or may not be re-
quired, depending on the application.
Both character and word coding can be
handled. Following the building block
concept, the code converters are provided
as auxiliary equipment when required,
rather than as a part of the basic system.

In character conversion, the coding of
each character is changed, as for example
binary coded decimal to excess-three.

Word conversion involves reordering
the characters within a word and trans-
position of the sign character where nec-
essary.

Modification of the word order within
a data block would be helpful in some
cases. . However, this feature has not
been included in the interest of simplifica-
Deletion of certain words or char-
acters from each block can be handled so
long as the order remains fixed for any
one operation.

In the normal operating mode, data is
transferred from the input device to the
buffer memory with the output equip-
ment stopped. The amount of data
entered can be arbitary, up to the capacity
of the buffer memory (1,092 or 2,184
characters). On completion of loading,
the input device is stopped, the output
device is started, and the information is
transferred from the buffer memory to
the output.

In general, it is not practical to operate
with the input and output devices running
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Fig. 2. Typical multiple function Computer Language Translator system
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simultaneously. Unless the input and
output rates are synchronized, the buffer
memory will eventually overflow or
empty. Since the input and output rates
are normally different, the control logic
is greatly simplified by using separate
load and unload cycles.

In cases involving word conversion
and for some other conversion operations,
a recirculation cycle is introduced be-
tween the input and output cycles. This
is illustrated in Fig. 1. On completion
of transferring the input data to the
memory, the recirculation cycle is ini-
tiated. During this cycle, the data is
unloaded to the word converter one word
at a time. The word converter is in
turn unloaded, through the character
converter, back into the buffer memory.
At the completion of the recirculation
cycle, all of the data will be in the re-
quired output coding. The memory can
then be unloaded as a complete block
at the rate required by the output
device.

Insofar as possible, the equipment
has been designed to eliminate the need
for correlation of the input and output
data formats.

The output word structure and block
length can be entirely different from
the word and block structure of the
input data. In cases where fixed word
length or block length output is required,
zeros or other fill characters can. be
inserted into each word, and zeros or
fill characters will automatically fill out
to the proper block length. Several short
input blocks can be compressed into a
single output block.

Elimination of dependence between
input and output format is also achieved
by entering control characters into the
memory. For example, when operating
with variable input block length, an
“end- of data” character is entered into
the buffer memory at the end of the
input cycle. This special character is
detected at the memory output and used
to control the output cycle. The use
of control characters ‘thus eliminates
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Fig. 3 (left).
Translator system
for magnetic tape
‘to punched card
or line printer

Fig. 4 (right).

Computer - lan-

guage Translator
equipment

the need for counting circuits to determine
the output block length. The special
characters, in most cases, do not appear
in the output data,

It is doubtful that a detailed func-
tional block diagram of the Computer
Language Translator would be of interest
to most readers. The function of each
component part may not be obvious from
the block diagram without a step-by-step
detailed description which is beyond the
scope of this paper. It is felt rather
that a brief listing of the functions and
characteristics of the system will assist
in {llustrating the design philosophy.

As stated previously, all requirements
peculiar to a particular input or output
device are handled in the associated
input or output control units. This
results in much greater flexibility, since
the designs for new types of control
units can be completed individually
without involving the majority of the
system.

Input to the system can be in the
form of: magnetic tape, punched paper
tape, punched cards, analog to digital
converter register, or other ‘‘on-line”
source.

Output can be in the form of : -magnetic
tape, punched paper tape, punched cards,
line printers, ‘‘on-line” registers for use
by digital to analog converters, or other
similar applications. ) ’

A rather formidable list of require-
ments for input and output control units
results if all likely translator applications
are considered. The situation is further

complicated by various optional equip-
ment combinations which may be de-

sirable for various reasons. As an
example, magnetic-tape data can be
accepted directly from an IBM 727 tape
unit, or 727 tapes can be played into the
system using an Ampex FR-307 or FR-
407 digital tape transport which is an
integral part of the Translator. A
somewhat different control unit is re-
quired for each case.

To date approximately 25 input and
output control units have been designed
or are in process. These include control
units to handle magnetic tapes for IBM,
ElectroData, and Remington Rand com-
puters. Also included are control units
for punched paper tape, IBM punched
cards, and line printers.

By using the central portion of the
system to fulfill more than one operational
requirement, the cost per function de-
creases. as additional operations are
added. The central universal format
control represents between 50 and 75%
of the total equipment for most systems.
The universal format control is designed
to operate with any input or output
control unit. Thus, the cost of adding
an additional function to the system is
essentially the cost of the input or output
control unit plus any associated patch-
board wiring. ‘

To date Electronic Engineering Com-
pany has been reasomably successful in
isolating the universal format control
from special input or output data re-
quirements. Anticipating the need for
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considerable flexibility, circuits needed
to adapt the universal format control to
different translation applications have
been brought out to external terminals.
By providing the necessary control signals
to these terminals, any requirement
within the basic system capability can
be handled. In some cases, auxiliary
equipment is designed to provide the
necessary controls when they are not
directly obtainable from the data input
or output equipment. ‘

All normal operator’s controls are
located on a panel housed in the universal
format control. For magnetic tape
input, provision is made for positioning
the tape both automatically and manually
in either forward or reverse direction.
Indicating counters keep track of the
block or file position of the tape.

The actual translation operation can
also be controlled automatically or
manually.

Other controls and indicators are
associated with marginal testing and
parity-error control circuits. All controls
are interlocked to prevent improper
operation.

- Character parity is checked at the
input before entering the buffer memory
and also at the output of the memory.
A third parity-check circuit is also
provided for output parity checking
when possible, as for example with the
IBM 729 tape unit. At the operator’s
option, the controls can be set to auto-
matically stop the operation if a parity
error is detected.

Longitudinal (row) parity, if used, can
also be checked by means of an optional
module.

Marginal operation checks are provided
for both the buffer memory and the d-c
supplies for the balance of the system.

A common translation requirement is

for off-line conversion from magnetic

tape to punched cards or line printer
and from punched cards to magnetic
tape. The multipurpose features of the
Computer Language Translator work to

advantage here, since the basic system'

can be adapted to handle these off-line
functions in addition to tape-to-tape or
other requirements. i

As anyone knows who has considered
the problem, existing card-handling equip-
ment and line printers are not easily
adapted to magnetic tape. This is be-
cause the most commonly used equip-
ment handles the data on a row-by-row
rather than a column-by-column basis.
Some column-by-column card-handling
equipment is available, but it is too slow

in most cases. A number of high-speed
column-by-column readers are under
development, but as yet are not generally
available.  The straight-forward ap-
proach to handling row-by-row cards is
to provide a complete card size or printer
line buffer memory which can be un-
loaded or loaded on either a row or col-
umn basis. Because of the number of
parallel outputs involved (12C in the case
of a line printer), this type of memory
would be a relatively expensive addition
to the translator system.

It is possible to utilize the buffer
memory in the basic translator to handle
cards and line printing by operating the
memory in a manner equivalent to a
magnetic drum. Using this approach,
the stored information is recirculated in
the same manner as discussed previously
for word conversion.

Fig. 3 is a block diagram illustrating
the method used for punching cards or
controlling a line printer such as the
IBM 407.

Data corresponding to one card row
or one line is first loaded into the memory
from the input equipment. The memory
is then recirculated 12 times in synchro-
nism with the 12 card row positions.
During each circulation cycle, a decoder
detects characters which correspond to
the row position and are to be punched
or printed.

A column counter, and associated set-
up patchboard, sets up the proper punch
magnet or print magnet. Since this
same counter controls unloading and
reloading the memory, the required
synchronization is maintained between
the memory and the punch or printer
columns. A similar approach is used
for reading punched cards. Each row
of the card is scanned sequentially. by the
column counter. ‘A card-to-tape coder
enters the proper character into the
memory when a punch is detected.

Card reader verification can be handled
by double reading. This necessitates a
reader with two reading stations. Veri-
fication is done during the second reading
by comparing the reader output against
the decoded data entered into the
memory during the first reading.

Card punching can be verified in a
similar manner. In this case, the
punched card is read following the
punching cycle. The information from
the reader is compared to the decoded
output from the memory.

The translator is designed around a
combination of plug-in vacuum tube cir-
cuits, diode logic circuits, transistor-
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driven ferrite cores, and in some cases
tape wound cores. Some consideration
was given to eliminating vacuum tubes
entirely. However, the idea was not
carried out because of the considerable
amount of design knowledge and proven
reliability of the vacuum tube plug-ins.
These same components have been
thoroughly proven by use in many other
similar applications. On the other hand
the transistor-driven ferrite core memory
was used since this unit was originally
developed using transistors. Tape wound
cores are being used for the card and line
printer column counter because of the
relatively large linear count and number
of output circuits involved. ‘

In general, d-c logic is employed.
Conservative design policies have been
established in the interest of achieving
high reliability. Active circuits are
isolated from external loading. Definite
rules for interconnected logic circuits
are followed.

Standards are maintained for compo-
nent parts and workmanship which are
somewhat higher than are often found in
commercial electronic equipment. Trans-
formers, for example, are hermetically
sealed. Other components are of top
quality. It is sincerely believed, how-
ever, that the modest cost for high-
quality equipment is more than offset
by higher reliability and decreased main-
tenance requirements.

The basic system is housed in two
equipment racks which are each 2 feet
square and 7 feet high. One or more
additional racks house input and output
control units, patch-boards, auxiliary
power supplies and, in some cases,
magnetic tape transports.

-Fig. 4 shows a typical translator
system. This system was demonstrated
at the Western Joint Computer Con-
ference. The input to the system comes
from punched paper Teletype tapeor from
ElectroData 205 magnetic tape. The
output is in IBM 727 format. The input
tape unit is the ElectroData transport
used with the 205 Datatron computer.
The output tape unit is an Ampex FR-307
tape recorder with IBM head dimen-
sions.

Until more varied application ex-
perience has been obtained, it will be
difficult to assess the success or failure
which has been achieved in developing a
truly universal Computer Language
Translator. Experience to date, based
on actual applications and discussions
with many potential users, has been very
encouraging.
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A Computer Oriented Toward Spatial
Problems

S. H. UNGER

NONMEMBER AlEE

HE STORED-program digital com-

puter has been in existence for about a
decade and has proven itself to be a power-
ful and versatile instrument. Roughly
speaking, any solvable problem can be
solved by a digital computer. At many
tasks, such as the solution of systems of
linear equations, these machines are
thousands of times as fast as human be-
ings.

However, there are certain tasks,
which might be termed spatial problems,
at which digital computers are relatively
inept. For example, it seems to be ex-
tremely difficult to write chess playing
programs that will enable a computer
to compete successfully with a capable
human opponent.! Pattern recognition
is another area in which present-day
machines cannot match the performance
of their designers. References 2, 3, and 4
describe some important and interesting
work done in this field.

The difficulty in such cases appears to
be that these machines can actively cope
with only a small amount of informa-
tion at any one time. This circumstance
is aptly illustrated by the title of an
article by A. L. Samuel, ‘“Computing Bit
by Bit,” which appeared in the computer
issue of the Proceedings, Institute of
Radio Engineers. It appears that efficient
handling of problems of the type previ-
ously mentioned cannot be accomplished
without some form of parallel action.

An important implication of this argu-
ment is that machines of greater complex-
ity are needed. This, however should not

MASTER
CONTROL

Fig. 1. Organization of spatial computer
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be regarded as an insurmountable bar-
rier, since it is likely that great advances
will be made in the components field dur-
ing the next decade.

The principal objective of the research
reported on here is to learn how to build
machines that can efficiently solve prob-
lems not well suited to solution by con-
ventional digital computers. :

The approach in this paper is to at-
tempt to describe a computer which is
inherently well matched to one such prob-
lem (pattern detection), hoping that such
a computer, probably in an improved ver-
sion, will then perform well when faced
with a much larger class of problems.

General Structure of the Computer

Fig. 1 illustrates the form of the pro-
posed machine. It consists of a master
control and a rectangulararray of modules.
Each module communicates with its four
immediate neighbors and receives orders
from the master control. The master

control cannot address the modules in-

dividually, but issues general orders
which go to all of the modules.

A module consists of a one-bit ac-
cumulator, a small amount of random
access memory, perhaps six bits in one-bit
words, and some associated logic. In-
puts to each module come from the master
control-and from the accumulators of the
modules above, below, to the left, and to
the right of it. It will also be assumed
that an input signal may be fed directly
to each accumulator from outside the
machine. )

The master control includes a random
access memory for storing instructions,
a clock, and decoding circuits. It acts
like the operation decoding section of a
conventional digital computer, reading
out instructions from memory in sequerice,
decoding them, and sending appropriate
control voltages out on a set of buses
feeding the modules.

A logical adder (or-gate) with an input
from each module accumulator tells the
master control if all of the accumulators
have zeros in them, and thereby makes
possible the use of a transfer on zero
order. This instruction, analogous to the
conditional transfer orders used in ordi-

{a) (b)
BRI
Fig. 2. Expansion
(c) example

nary digital computers, tells the master
control to skip to the instruction addressed
by the transfer zero order if there are no
ones in any of the module accumulators.
It is the only decision order used in this
computer.

Order Structure

The order structure is summarized in
Table I. The transfer on zero order
(trz x) has just been described. In addi-
tion there is an unconditional transfer
(tr x) which simply orders the execution
of the instruction at address x.

As was mentioned before, each module
has a small number of individually

. addressable one-bit memory - elements.

Within a module these registers will be
referred to as a, b, ¢, etc. The instruc-
tion store b (st b) tells each module to
store the contents of its accumulator in
the bth memory register without altering
the accumulator contents. Similarly
write b (wr b) orders the contents of each
b register to be written into the accumula-
tor (without changing the contents of b).

Information can be transmitted directly

. from one module to another by means of a

shift instruction. A shift right (sR)
order for example, causes the contents of
each accumulator to be transferred to the

.accumulator of the module to the right

of it. Shift left (sL), shift up (sU) and
shift down (sD) have analogous meanings.
When shift orders are used assume the
matrix is bordered by modules having
zeros in their accumulators.

The invert order (in) causes the con-
tents of each accumulator to be comple-

S. H. UNGER is with Bell Telephone Laboratories,
Inc., Whippany, N. J.
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Table I. Order Structure
Order Abbreviation Meaning Order Abbreviation Meaning -
Transfer toin-. .trx....... Execute instruction x Write.......... Wr........ Write the contents of
struction x. next. the indicated mem-
Transfer  on..trz x......Execute instruction x ory cell into the ac-

next if there are no
ones in the field.
Otherwise continue
in the normal se-

zero to in-
struction x

quence.
Invert.......... in......... Change the contents of

all the accumula-

tors.
Add............ add....... Add logically to the

contents of the ac-
cumulator the con-
tents of the specified
memory cells and
neighboring accumu-
lators. Leave mem-
ory cell contents un-
. changed.
Mutltiply....... mpy....... Multiply logically the
contents of the ac-
cumulator and the
specified memory
cells and adjacent
accumulators. Re-
sult is placed in ac-
cumulator and mem-
ory cell contents are
left alone. ’
Add in memeory..adm...... Add logically to the
contents of each of
the specified memory
cells the contents of
the accumulator. Do
not change accumu-
lator contents.
Multiply in..... mpm...... Multiply logically the
memory contents of each
specified memory cell
by the contents of
the accumulator
without disturbing
the accumulator.
Store........... stoooai.. Store. the accumulator
contents in each of
the specified memory
cells without dis-
turbing the accumu-
lator.

cumulator without
altering the contents
of the memory cell.
Shift left (or..sL. (sR, Write the contents of
right or up, sU, sD) each’ accumulator
or down). into the accumulator
to the left (or right
or above or below).
Add reference...Add ref....Add a one to accumu-
lator of module in
lower left cormer of
matrix.
Link........... Link...... Record in memory ele-
ments located be-
tween adjacent pairs
of modules, whether
or not ones are con-
tained in both ac-
cumulators. (Diag-
onally touching mod-
ules are considered
as adjacent for this
order and the next
one.)
Expand........ exXp....... Add ones to the ac-
cumulators of those
modules connected
through a chain of
active intermodule
memory elements of
the kind specified in
the order (horizontal
vertical, positive di-
agonal, or mnegative
diagonal) to some
module with a one
in its accumulator.
Shift around....sA........ Same as shift right ex-
cept that rightmost
modules of each row
send contents to left-
most module of row
above, lower . left
module gets bit from
input register, and
upper right module
sends contents to
output register.

mented. Logical addition and multi-
plication can be carried out among the
contents of the accumulator, memory
registers, and neighboring accumulators.
(Logical addition is defined by the eqﬁa-
tions: 14+0=0+1=1+1=1and 0+0=0.
Logical multiplication is defined by the
equations: 1X0=0X1=0X0=0 and 1X
1=1.) Add x causes the contents of
memory register x to be added logically
to the contents of the accumulator. The
result is stored in the accumulator and the
contents of x are left unaltered. The add
left (add L) order causes the contents of
each accumulator to become the logical
sum of the original contents of that accum-
ulator and the original contents of the
accumulator of the module to the left.
Add right (add R), add up (add U), and
add down (add D) have similar meanings.
Any combination of the contents of neigh-
boring accumulators and memory registers
may be added to the accumulator contents
in the previously mentioned manner using
a single order. For example, if it is de-
sired to add to the contents of each ac-
cumulator the contents of memory regis-

ters @ and ¢, of the same module, and the
contents of the accumulator above, then
the order add a, ¢, U would be used.

A completely analogous set of instruc-
tions exists for a logical multiplication.
Thus (mpy b, D) would cause the original
accumulator contents, to be multiplied
by the contents of memory registers b
and the contents of the accumulator be-
low. The result appears in the accumu-
lator, and the contents of the memory
registers remain unchanged.

The order add in memory (adm b) cause
the logical sum of the accumulator con-
tents and the contents of register b to
appear in b, without altering the accu-
mulator contents. The accumulator con-
tents can be added simultaneously to any
number of memory registers by an order
(adm, @, b, d) for example. Note that
separate additions are made into each
memory register, each sum involving the
accumulator contents and the contents of
one memory register. A similar set of
orders exists for multiplication, for ex-
ample (nipm b, d, etc.).

The add reference order (add ref)
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- of the matrix.

(a) (b)

(c) ‘ (d)
1 [}
K ]
BDDE
i 1
]
! ! Fig. 3. More com-
(e) plex expansions

causes a one to be added to the accumula-
tor of the module in the lower left corner
In contrast to the previ-
ously described orders, add reference does
not treat all modules alike.

A few new definitions at this point
may help to facilitate the discussion.
Module accumulators will be referred to
as cells; sometimes one-cells or zero-cells,
depending on their contents, when their
contents are discussed as parts of an over-
all pattern. The arrays of ones and zeros
contained in the accumulators or in a
particular set of memory elements, say
the b-registers, will be termed fields.

Inputs to the matrix can be made in
parallel by associating an input device,
a photocell perhaps, with each module.
The shift-around order (SA) provides a
simple method for serially loading and
unloading the matrix. A single bit is
transmitted to the accumulator of the
lower left module from an external source.
At the same time the contents of each
cell is transmitted to the cell to the right,
as in the shift right order, except for the
right-most cell of each row, which sends
its contents to the left most cell in the
row above. The upper right corner
module transmits to an output register.
Thus, a new pattern can be loaded into
the matrix while the old contents  are
simultaneously taken out.

In certain pattern-processing operations
it is desirable to obtain an output from
the master control instead of from the
network. For example, in a recognition
problem it would be desirable for the
machine to identify the input pat-
tern as a particular member of some
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Fig. 6 (right). Ver-
tical concavity
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alphabet, by means of the conditional
transfer order and an order enabling the
machine to send out pulses on one or more
members of a set of output buses.

This paper will not go into further de-
tail regarding input-output problems,
since these questions are initimately re-
lated to the specific tasks being performed.

The link and expand orders are used to-
gether and require a somewhat more
elaborate explanation due to the fact that,
unlike the previously described orders,
they permit the contents of a cell to be
directly affected by the contents of arbi-
trarily distant cells. ;

Connectivity is an important concept
in spatial operations. For example: Given
a particular,.cell of the matrix, called a
basis point, it might be desirable to find
all points in a given field connected to
that cell through a chain of horizontally
linked one-cells. See Fig. 2. Part (b)
shows the location of the basis point which
is to be expanded horizontally (H) over
the field shown in (a). The result of this
expansion operation appears in (c).

To accomplish this with the link-ex-
pand orders one would write the a-field
in the accumulators and give the order
“link.” Then one would write the b-field
in the accumulators and give the order
“exp H.” The same idea can be used to
expand a set of basis points over a field.
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In Fig. 3.part (b) is expanded vertically
over part (a) to obtain part (c).

Expansions along diagonal lines can
also be defined for either positive or
negative slopes (Dp and Dy respec-
tively). The results of a Dp expansion of
part (b) over part (a) is shown in part (d)
of Fig. 3.

Expansions simultaneously involving
several types of connectivity are also
possible. For example,. it might be de-
sired to consider two points as being con-
nected if it is possible to move from one to
the other in single steps which are either
diagonal with negative slope or vertical
and which pass through one-cells. Thus
figure 3(e) shows the results of an H, Dy
expansion of part (b) over part (a).
Note that the results of an exp H order
followed by an exp Dy order is not, in
general, the same as the result of an exp
H, Dy order. Subroutines using simpler
instructions can be written for any expan-
sion, but the importance of this process
probably justifies the -added -circuitry
required to shorten their execution times
by a substantial amount.

Some Simple Programs

Some elementary programs will now be
presented in order to illustrate the use of
the orders.

7
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Fig. 7. Characteristic features of vertically
‘concave figures

ExaMpLE 1: DETECTING LOWER LEFT

CORNERS

Locate all lower left corners in a given
field, where a lower left corner is defined
as a one-cell with one-cells both above and
to the right, and with zero-cells to the
left, below, and diagonally (lower left)
adjacent, as typified by the circled one in
Fig. 4. (In this figure the unmarked cells
can contain either zeros or ones.)

The program will be illustrated by re-
ferring to Fig. 5, where part (a) is-assumed
to be the initial field in the accumulator.
(In the following sections unmarked cells
in the diagrams will be understood to be
0-cells.)

1. stea

2. add D Result shown in part
(b) of Fig. 5.

3. sR See part (c).

4. in See part (d).

5. stbh The field shown in part
(d) is stored in the b-
registers.

6. wre The original field Fig.
5(a) is written into
the accumulators.

7. sU See part (e).

8. in See part (f).

Unger—A Computer Oriented Toward Spatial Problems



{a) (b)

Fig. 8. Line doubling

The product of fields,
parts (d) and (f),
shown in part (g) ap-
pears in the b&-regis-
ters. Theones in this
result designate those
points in the original
field which are
oriented with respect
to three zeros in the
same manner as the
circled one in Fig. 4.

Again field (a) is written
into the accumulators.

11. mpy U, R,b The resulting field,
shown in Fig. 5(h) has
ones at the two loca-
tions which are lower
left corners in the
original field.

9. mpm b

10. wra

EXAMPLE 2: DETECTING VERTICAL
CONCAVITY

A figure will be said to be vertically
concave if it is possible to connect two
points on the figure with a vertical line
which falls outside the figure at some
point between the given points. Parts (a)
and (b) of Fig. 6 depict vertically concave
figures, whereas parts (c¢) and (d) depict
vertically convex figures.

In this example, a program will be pre-
sented for selecting from an arbitrary field
all vertically concave figures. Every
vertically concave figure has a portion of
the form of Fig. 7(a) or of Fig. 7(b) (the
vertical part might be only one unit long)
and so the problem can be solved by
selecting all figures having one or both of
these features.

Beginning with the given field in the
accumulators, the program is as follows:

1. stea
2. sR
3. in
4., mpy a Locates all left edge points
5. link
6. stb
7. wra
8 mpy L, U
9. sU
10. mpy b Yields lower inside corner
points on left -edges.
See point labelled (10)
in Fig. 7(a).
11. exp V At this point the accumu-

lators contain all ver-
tical edges facing left
which start from inside
corner points as de-
scribed in 10.

ACCUMULATOR
OF MODULE
TO LEFT

s[r ACCUMULATOR OF
" "MODULE ABOVE

MEMORY REGISTERS

[ —J\
R|O ‘7; L/
s|i
T
|
U o-J
NEIGHBORING | | . 0
MODULE \ !
ADDRESS | R o—==— | H o] 4 M\ IR
D o~ —— \]\LL/ YG\J j SR ] R £ s|R
g o
MEMORY b
ADDRESS {
£
WRITE MPY o~ §_\ N\ "N F_
SHIFT {ADD l ]
_ [
Tore {MPM ]
STORE - Apm o
INPUT _ /—ACCUMULATOR
CKT
q :___!D—- “AND" GATE
FROM { 3 N /
LINK - ! :
S|R
cKTs ° :D—— "OR" GATE
[ 1
S1UL rLip FLoP
INVERT R|O
INPUT TO S CAUSES
i | TO BE ENERGIZED
INPUT TO R CAUSES
0 TO BE ENERGIZED
TO . J
'6"<"_'r’<s TO LINK CKTS, NEIGHBORING
.MODULES, O INDICATOR,
AND OUTPUT CKT
Fig. 9. Module logic
12. std 34, wra
13. wra 35. link
14. mpy L, D 36. wrc
15. sD i 37. exp V, H,
16. mpy b The accumulators  now Dy, Dp Only vertically concave
: contain upper inside figures remain in the ac-
corner points on left cumulators.
edges that also have
lower inside corner  EXAMPLE 3: LINE DOUBLING PROGRAM
oints; i.e., points have . L .
%een found pon all fig- The object of this program is to extend
ures having the feature  every horizontal line of ones to the left,
described in Fig. 7(a). by its own length. Thus, if the initial
ig ste field is as shown in Fig. 8(a), the resulting
. Wwra . g
19-32. Repeat steps 2 to 16, in- field will be the one in Fig. 8(b).‘ o
terchanging L and R in The program (one of the few which
all places so as to obtain  requires a loop) is as follows (the initial
points in the accumula-  fie]d is in the accumulators):
tor corresponding to the
feature in . Fig. 7(b). 1. ste
33. admec In the c-registers one now 2. sL
' has at least one point on 3. adme
every vertically concave 4. mpy R Eliminates a point from the

figure.
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right end of each line.
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Fig. 11 (right). Link
circuit logic
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V =vertical link circuits
H =horizontal link circuits [~ accumucaron
De=link circuits on positively sloped diagonal
Dx =link circuits on negatively sloped diagonal mg}'::.‘%.:;'zm 7
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5. trz7

6. tr2 One point has been added to
the left end of each line in a.

7. wra The desired field is now in the

accumulators.

Logic for the Distributed Computer

A logical diagram for a typical module
of a computer realizing the order structure
of Table 1 is shown in Fig. 9. Flip-flops
are used for the accumulators and for the
memory registers. Only three memory
registers are shown, but it is easy to see
how others can be added.

Five order leads enter the module from
the master control. They are add, multi-
ply, add in memory, multiply in memory,
and invert. An additional lead from the
master control refers to each of the four
neighboring modules, and there is also a
lead corresponding to each memory regis-
ter. The instructions (add), (mpy),
(mpm), (adm), and invert. are given by
pulsing the appropriate order lead and the
desired set of address leads: these may
be memory register addresses or references
to adjacent modules. The instructions
store or shift are given by pulsing both the
(adm) and the (mpm) leads, and the write
order is given by pulsing both the add and
the (mpy) leads.

Note that with this system of logic the
(mpm) and (adm) instructions require no
additional logic, and only one additional
order lead once the store order has been
mechanized. The (mpy) and (add) orders
are similarly related to the write order.

In order to carry out the link and ex-
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pand orders, the direct intermodule con-
nections must be supplemented by special
circuitry which will be termed link cir-
cuits. These are placed between every
adjacent pair of modules. Fig. 10 shows
the eight link circuits connecting a par-
ticular module to its mneighbors. Note
that whereas diagonally adjacent modules
are not connected by direct lines, they
are connected, however, through link
circuits.

The logic necessary in the link circuits
is shown in Fig. 11. When a pulse is ap-
plied to the link terminal from the central
control, the flip-flop will be placed in the
one-state, if, and only if, ones were present
in both of the cells connected by the cir-
cuit. (This setting remains unchanged
until another link order is given.) If the
flip-flop is in’ the one-state, then a pulse
appearing on the expand V lead, (con-
sider a vertical link circuit) will cause a
one appearing at the output of either of
the accumulators of the linked modules to
appear at both the input and output ter-
minals of the other accumulator. (Strictly
speaking, the ones appear not at the out-
puts of the accumulator but at the out-
puts of or-gates driven by the accumula-
tors.) Omnes can thus be propagated
through the matrix as fast as the logic per-
mits since they can pass through modules
without waiting for the accumulators to
be activated.

The central control unit consists of a
random access memory, a clock, an order
decoder, -and some input-output control
circuitry. No significant departures from

the arrangements used in conventional
computers are necessary.

Conclusions

The spatial computer described here is
a versatile tool for solving problems in
which the data to be manipulated occurs
in large blocks which are locally corre-
lated. In the feld of visual pattern de-
tection, a prime example of this sort of
problem, some powerful techniques have
been developed for using this machine.
These will be reported on at a later date.
Other applications of the spatial compu-
ter remain to be explored.

The logical scheme, previously pre-
sented, for realizing the machine calls for
about 170 gate inputs and 11 memory
elements per module. This includes the
link circuits but not the central control
circuitry, and provides for six memory
registers per module, a number which
has been found adequate for all programs
written thus far. Since the number of
modules should be at least of the order of
several hundred, this means thousands of
memory elements and tens of thousands
of gate inputs in the matrix alone.

These are alarming figures, and it
would probably be difficult to find appli-
cations that would justify the cost in-.
volved if present day fabrication tech-
niques, requiring individual physical de-
vices for each element, had to be em-
ployed. However, progress in the com-
ponents field is such that it is reasonable
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to hope that within a few years there may
be available manufacturing processes
whereby entire blocks of logical circuitry
could be constructed in one unit. Etching,
plating, thin film components, multihole
ferrite plates, and other techniques now
in the development stage may be used to
take advantage of the repetitive nature of
the modules to sharply reduce costs.
While the author has specifically dis-
cussed a computer based on a rectangular
matrix of modules using one-bit registers,

it might be worthwile to consider other
arrangements. Possible variations in-
clude matrices in three or more dimen-
sions, registers enlarged to bandle multi-
bit words, and polar co-ordinate arrays.
Investigations of such variations have
not yet been made and would probably
occur mnaturally in conjunction with
studies concerning applications of the
machine.

This machine has recently been simu-
lated on an International Business Ma-

chine 704 computer at Bell Laboratories.
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The Magnetic Ledger-Card Computer

THOMAS P. HOLLORAN

NONMEMBER AIEE

USINESS and government have a

need for mechanization of record-
keeping and accounting. Both big busi-
ness organizations and government or-
ganizations seem to be approaching a
solution to this problem by means of large-
scale computing equipment and large-
scale random-access electronic memory
devices.

It is suggested here that much of this
approach to the solution of the problem
has been caused by the power and speed
of the vacuum tube.

A computer is a device which requires

many separate elements. These must
perform functions of memory, switching,
and amplification. The first digital com-
puters utilized vacuum tubes to perform
these functions. The vacuum tube is a
device with a very-high power amplifica-
tion, excellent frequency response, and,
when all power supply and air condition-
ing requirements are considered, rather
high cost. The result of building com-
puters with such a device was that the
machines tended to become costly and
very fast. This led to a need for complete
automation of the record-keeping facilities
for the computer. Such fast and expen-

sive machines could not tolerate human .

entry or semiautomatic entry of the data
they require for record-keeping and ac-
counting. :

Complete automation of the record-
keeping facilities of a computer has often
meant magnetic tape files of various types.
One problem encountered with this ap-
proach is that it makes difficult the nec-
essary random access to such files of in-
formation.

It is possible to arbitrarily classify ran-
dom-access problems into two categories.

Omne type of such random access takes
place when some record-keeping or ac-
counting function is being performed by
the computer which function necessitates
access to various portions of a file on a
random basis. That is, the data must
not only be searched out and found, but
operations must be performed upon the
data by the computer at this time.
Another category of random access con-
sists of those situations in which personnel
in the organization desire to learn some-

" thing from the miaster files but do not re-

quire any actual machine processing (al-
teration) of the master files.

Various completely automatic devices
have been devised to make possible the
first category of random access, but the
second type of action requires programs or
devices which permit an interruption of
the basic computer operation or a means
of temporarily detaching the file from the
computer when random inquiries by per-
sonnel are to be made. Several simul-
taneous inquiries make the system even
more complicated. '

Since this random access to the file is a
major problem no matter what the size of
the business, a small business which would
undertake a large-scale computer-type
mechanization program would also be re-
quired to install whatever random-access
equipment was necessary. In addition to
being expensive, it could well be complex
enough to be beyond the understanding of
many of the concerned employees of such
an organization.

The advent of semiconductors of little
cost and low power supply or heat dissi-
pation requirements made reasonable the
visualization of machines complex enough
to do the work of, and be classed as com-
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Fig. 1. The magnetic ledger-card computer

puters, but far lower in speed and cost
than vacuum-tube machines.

Estimates showed that such a machine
could be inexpensive enough to consider
only a partial mechanization of the main
file of the system and to further consider
feasible some direct human input.

The present systems used in small
business often involve the use of a ledger

card as the unit of the master file of in-

formation for accounting and record-
keeping purposes. The ledger card is a
combination of historical data, current
data, and relatively fixed data grouped by
some common important characteristic;
and it is in human-readable form. Ledger
cards can be filed compactly and offer
rapid access without machine aid or
tie-up. The ledger card concept is a very
powerful business tool which is widely
used. The principal disadvantage of the
ledger card is that it is not machine-read-
able.

This paper describes the system of mak-
ing the ledger card readable by a small
computer. This results in mechanization
of an already powerful tool at a cost which

Tuaomas P. HoLLORAN is with the National Cash
Register Company, Dayton, Ohio

The author wishes to thank Patrick B. Close, James
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Fig. 2. A magnetic ledger card

can be borne by the small business or-
ganization. To avoid excessively detailed
description of a particular accounting ap-
plication, a general statement covering
accounting work will be made.

In general, an accounting operation is
made necessary by either the arrival of

new data which must be processed in

combination with the main file, to up-date

MAGNETIC LEDGER GARD —u

LEDGER CARD

the main file and produce auxiliary new
documents, or by the elapsing of a speci-
fied period of time which makes necessary
a processing of the main file documents.
The new information usually arrives
in the form of some document. Input
documents considered in this system are,
for example, requisitions, time tickets,
production reports, sales checks, etc.

Fig. 3 (left). Proc-
essing a magnetic
ledger card
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Fig. 4. A posting operation

It is assumed that the original input
documents may continue to be manually
prepared. This input media arrives in its
original form at the small computer to be
described. Either the media is hand-
sorted to 1natch the ledger file (a great
amount of data naturally arrives in this
sequence), or magnetic ledger cards are
hand-selected to match them to the input
media. This action amounts to an on-
line random-access operation to the file for
processing purposes. The machine-read-
able ledger card is inserted in the com-
puter, followed by keyboard entry of the
new data from the input document. The
new data are utilized by the computer to-
gether with the data from the ledger card
to perform all calculations involved in the
accounting operation. The computing
capabilities, the memory size, and the in-
put-output capabilities of the magnetic
ledger card computer are such that many
operations are mnow grouped and
speeded-up which were previously
handled separately and sequentially.

The foregoing action results in produc-
tion of several outputs simultaneously.
The machine-readable ledger card is
altered in both its human-readable and
machine-readable sections. A separate
journal sheet can be produced which pro-
vides a printed record of each operation.

REPORTING

I,
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CARDS TAPE
\AND' oR /
MAGNETIC
LEDGER GARD
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PRINTED REPORTS
REPORTS AND,/OR \ oN
e = } PAPER
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Printed auxiliary documents can be pro-
duced, such as, for example, a check and
earnings statement, or, for another ex-
ample, a sales audit report. Where nec-
essary, an original document can be in-
serted into the carriage of the computer to
verify the correct entry of the data into
the accounting system by printing the
keyboard-entered data upon the input
document.

The prototype of the magnetic ledger
card computer which produces all of the
just-described output is a machine which
can be described in the following para-
graph. '

It is an internally programmed 100-
word computer, using all solid-state ele-
ments in its computing sections, and hav-
ing as its principal input-output device an
accounting machine. The computer is
numeric-only and has a fixed word length
of ten digits. Itis all-decimal and has a
core memory. It utilizes magnetic ledger
cards as the main file or memory of the
system, and the basic computer will be in
the price range which has come to be
known as that of the low-priced com-
puter. '

Fig. 1 shows one of the prototypes of
the computer. The entire computer is
contained in a very small desk, the tops
of the side sections of the desk are only
about. 27 inches above the floor. A con-
ventional accounting machine is seen to

Fig. 8. Branching instruction
format

be the principal input-output device of the
computer. The unit to the right of the
accounting machine is the magnetic
ledger-card reading and recording device.
Below the ledger card reading station is
the control panel of the computer, which
is quite simple. The data indicated by
the lighted numbers on the display section
of the control panel include the operation
code of the current instruction and the ad-
dress of the next instruction. The very
large carriage is seen to hold many docu-
ments which are processed at one posting
operation of the machine. Across the
front of the carriage is a mechanical pro-
gramming device known as the form bar.
A somewhat similar device is on the rear
side of the carriage.

Fig. 2 shows a typical maguetic ledger
card. The strip down the side of the
ledger card consists of a magnetic oxide
quite similar to that used for making
magnetic tape. The printed portion of
the particular sample ledger card is di-
vided into two sections. The upper sec-
tion contains semipermanent data which
are seldom changed, the lower section
contains variable data.

The capacity of the ledger card is ten
decimal digits per usable inch of magnetic
strip. A typical card such as the one
shown would have a capacity of about 100
digits with variable word length and with
the end-of-word marker requiring the
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Fig. 6. Four-address instruc-

equivalent of ome digit space. Ledger
cards having widths from approximately
5 to 16 inches can be utilized. The limit
for length is set primarily by the depth of
available file cabinets suited for storage.
The aforementioned capacity is sufficient
for the magnetic storage of the relatively
fixed data found on such cards and for a
portion of the last line of variable data.
Thus, historical data are contained pri-
marily in printed form, the assumption
being that historical data will be referred
to only by human beings rather than by
the machines. This has been found to be
an accurate assumption in practice.

The heart of this magnetic ledger-card
computer system is seen to be groups of
magnetic ledger cards which are serviced
by one or several computers which can
talk many machine languages and, in es-

" sence, can say a great deal without doing

much thinking. The unusual aspect of
this is that a relatively low priced and
simple machine is so fluent.

Fig. 3 is a block description of a posting
operation involving a magnetic ledger
card, new data, and the production of
other documents. The flow is from top to
bottom in the diagram. The magnetic
ledger card is inserted in the ledger-card
scanner as indicated. The data from the
magnetic strip of the card flow to the core
memory in the computer while the card
itself is transferred to the carriage of the
accounting machine. The new data are
entered into the keyboard of the account-
ing machine, from whence they go to the
core memory of the computer.

The computer accomplishes processing
on a time shared basis with the printing of
the output, so that the entire operation is
essentially proceeding at the printing
speed of the accounting machine, com-
puter processing being rapid enough that
no appreciable delay occurs. Data pro-
duced in the computer flow to the printer
as shown and to the ledger card recorder.
The card, at the completion of the opera-
tion, moves from the carriage of the ac-
counting machine out through the ledger
card recorder which in fact is physically
identical to the ledger-card scanmer. It
is shown separately here for clarity. The
results are shown at the bottom: the proc-
essed ledger card and other documents
produced at the same time.

The new data, whose arrival bas
brought about the necessity of the posting
operation, together with some of the gen-
erated data, are often needed for further
operations which are usually known as
reporting. o

Fig. 4 shows how this is accomplished.
The magnetic ledger-card computer block
in the upper left, essentially encompasses
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all of Fig. 3. In the lower left are shown
the outputs described previously, and on
the right side are shown the other possible
outputs, which can be obtained simul-
taneously. Punched paper tape or
punched-card output can be obtained dur-
ing the posting operation. The choice of
which is to be obtained will depend upon
the sorting and accumulating require-
ments for the report-making operation.

For those cases in which the report con-
sists primarily of accumulations and does
not include too many categories, paper
tape can be utilized quite successfully.
When the number of categories becomes
quite large, the punched card can show
advantages. The actual report-making
operation is accomplished by reading the
sorted punched cards or the original paper
tape into the magnetic ledger-card com-
puter and producing printed reports, mag-
netic ledger cards and/or reports on paper
tape. When the number of categories on
paper tape are more than the number
which can be accumulated in a single pass
of the tape, multiple passes of the tape are
made through the tape reader of the mag-
netic ledger-card computer to accomplish
production of the report. This operation
is shown in Fig. 5,

During one program it is possible to
read punched paper tape, punched cards,
and magnetic ledger cards. Punched
paper tape and punched cards are both
machine fed, the magnetic ledger card is
human-fed to the computer.

Some of the techniques which permit
relatively inexpensive control of so many
input-output devices can be outlined as
follows:

1. Control of punched output, that is,
paper tapes or punched cards, is by means of
plugboards, stepping switches and a format-
related device known as the rear-form bar of
the accounting machine. So the control of
these devices is not done directly by the
computer. The computer need only control
the accounting machine, which in turn con-
trols these other functions.

2. Format control and mechanical stor-
age control for the accounting machine is
done by a mechanical-programming device
on the accounting machine known as the

form bar. This removes such problems as
column spacing, nonsignificant-zero sup-
pression, and storage of some data from the
high-speed computer memory.

3. Another technique is that the core
memory, rather than being run on a fixed
timing basis, is, in effect, run in fits and
starts as necessary to keep the core memory
synchronized to the external device to which
data are being fed or from which data are
being received. This synchronizing tech-

nique avoids the need for extensive buffers.

between the external devices and the com-
puter memory.

4. The computer itself is a strictly serial
machine which keeps down its cost. The
appearance of parallel operations is ob-
tained, in many cases, by taking advantage
of the self-completing characteristics of the
actions of some of the electromechanical
peripheral devices. As an example, the
printing cycle of the accounting machine can
be divided into two approximately equal
portions. During the first of these portions
the computer must control and feed data to
the accounting machine. During the last
portion of the cycle the accounting machine
is essentially self-controlled and the com-
puter is free at this time to perform mathe-
matical operations. The approximately 250
milliseconds available at this time makes
possible a time-shating of computation and
printing such that the machine appears to be
printing at full speed in most posting opera-
tions.

In order to avoid the need for full time
professional programmers for applying
this machine, a number of features which
are not common to many of the present-
day large-scale computers were included
in the programming capabilities. Some of
the unusual features of the instruction of
the computer are the following.

Fig. 6 shows one of the instruction for-
mats utilized. This is sometimes known
as the four-address format, sometimes as
the three-address plus one.
arithmetic instructions utilize this format.

At first there seems to be a great deal of
redundancy in the use of the address of the
next instruction as a portion of each in-
struction. However, this has proved to
be very useful for patching programs, and
if a programmer is not too proud to leave
his program in a patched form, a fairly
large amount of programming time can be
saved. In addition, a -certain type of

The basic-

sorting by accurnulation program benefits
greatly from the ability to specify ar-
bitrarily the address at which the next
instruction is found. This particular ex-
ample involves a program in which the
instructions are scattered between certain
desired accumulation cells.

Another instruction format used in the
machine is shown in Fig. 7. For wantof a
better term it has been called the “string
of addresses” format. Most of the input-
output instructions utilize this format.
Its principal feature is that many words of
data can be inserted in or taken from a se-
quential series of cells merely by specifying
the first and last addresses of this string.
The operation code and modifier sections
are needed to accomplish control of the
various input-output devices. The in-
structions for which this format is used are
listed in the figure.

Branching instructions have an easy-
to-handle format in which both the regu-
larly encountered next instruction and the
alternate instruction addresses can be ar-
bitrarily specified by the programmer.
See Fig. 8.

An unusual feature of the core memory
design utilized in this computer is the fact
that it can operate over a fairly wide
temperature range. Because of the tem-
perature tolerance of the core memory and
of all of the other computer circuits, no
office modifications are necessary when
placing this computer in service. The
power requirements of the computer are
less than 500 watts and a conventional
115-volt service is utilized.

The internal construction techniques
for the computer involve the use of diode
logic and resistor-logic techniques. The
active elements in all cases are transistors.
No vacuum tubes are used in the machine.

The philosophy of the control portion of
the computer permits expansion to and
alteration of the instruction list of the
machine quite frequently.

Prototypes have been in operation for
some time, and indications are strong that
the basic system philosophy is workable
and useful and has a very wide field of
application.
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Discussion

Chairman Levonian: The first question
for Mr. Weiselman comes from Mr. G. H.
Ottaway, IBM: “When will this device
be commercially available?”’

Irving L. Wieselman: I guess that I did not
make it clear that this device is still a paper
device. We have built media translators,
media converters, and adapters for the de-
vice, and we have built memories, but we
have not built this particular system,
however. We would like to do so.

Chairman Levonian: From Mr. C. K.
Budd, United States Army Signal Corps:
“In converting codes or media, how are
requirements for different machine program-
ming handled?”’

Irving L. Wieselman: If you know what
the requirements of the machine are, you
can write a program for them. This last
device is a stored-program computer, and
you merely have to write a program cap-
able of handling many programs of the
other computer. .

Chairman Levonian: A question for
Mr. Maxwell
IBM: ‘““Are you passing megacycle pulses
through the microprogram control panel?
If so, do you have a severe alteration
problem?”’

Marvin S. Maxwell: Yes, we will be
operating on megacycle pulses. The pulse
is impeded left. The cross problems will
be more severe.

Chairman Levonian: I have a question
for Mr. Bonney from Mr. H. G. Cragen,
ARO, Inc.: “Can milliSADIC tape be used
as input media?”’

R. B. Bonney: Yes. We have tackled
the design of input and output control units
in the order of possible usage. As you can
imagine, if you are considering all possible
sources of data handling to feed a machine
of this type, it would become a monumental
list. Not having enough man power to
handle it in the order of importance, the
milliSADIC was considered, but the design
is not yet set up to a point where we are
certain of process, although it should be
shortly.

Chairman Levonian: I have a question
from J. I. Wieselman, Telemeter Mag-
netics, for Mr. Unger: “In what way do
you get information in and out of the ma-
trix if all operations affect all points of the
matrix?”’

S. H. Unger: Briefly, one way would be to
have parallel input and have a photocell
with each module. I have an instruction,
which I mentioned in the paper, that is
called a shift-around instruction which
makes one big shift operation out of the
whole matrix. It works like the shift
instruction described here; i.e.,, when you
get to the right-hand sign, the information
shifts to the left-hand module, and in this
manner it shifts information into the matrix
in a serial manner.

Chairman Levonian: The next question
is from Mr. J. Ameril, RCA Laboratories:

from Jerry Svigals of

-consideration.

“How could you use the matrix in a prob-
lem of patterns changing with time?”

S. H. Unger: One way is to think that
the patterns are not changing too fast.
For example, if the rate of the pattern
changing were not greater than the operat-
ing time of the machine, we could simply
consider the discrete array of the field in
time just as we have considered the quad
time. If the pattern were of a finite quan-
tity, it changes the pattern into a series of
sampled intervals, and operate our pattern
then. Although we have not considered any
application, I do not see any particular
obstacle if the rate of change is not too great.

Chairman Levonian: Here is a question
from J. M. McCarthy, MIT: “Have you
considered whether your operations are
universal with respect to local calculations?”

S. H. Unger: I am not sure what you
mean by, ‘“local calculations,” so it is diffi-
cult to answer.

You could make the contents take a single
point on the matrix, and convert that point
to any desired function from the neighbor-
ing point extended out to any distance.
If that is what you mean, any logical neigh-
boring function in infinity could be trans-
ferred into that point.

Chairman Levonian: Mr. McCarthy
asks, “Can you prove it?”’

S. H. Unger: It is fairly obvious. You
can shift since you have memory on the
context of the neighboring module accumu-
lator. I feel that you could do it within the
limits of finiteness and that you could take
care of any problem. I have never found
a case where I have been stymied as yet.

Chairman Levonian: The next question
is from Mr. A. A. Cohen, Remington
Rand: ‘‘Canyouachieve a carry equivalent,
and thereby simulate various types of
parallel arithmetic?”’

S. H. Unger: I take it that you mean
that you would represent the number by a
row of ones and zeros on the matrix?

Chairman Levonian: Mr. Cohen adds:
“Yes, as an experimental tool for playing
with logic, that being on the parallel.”

Mr. Unger: I think that it could be done,
but I have not worked out the details.

1 should mention that I left out one minor
order which is the add reference. This
means you can add a one into the lower
left corner of the module.

Chairman Levonian: The next question
is from Dr. H. K. Flesch, I.T.T. Labora-
tories: ‘‘Have you considered simulation of
your machine on a conventional one and
time sharing of one arithmetic unit for the
whole array (simulation would do that) ?”’

S. H. Unger: Yes, I am considering simu-
lating the machine on a conventional com-
puter. We have just reached that stage,
It seems to me that the
other point, if you simulate the machine
on a conventional computer, you are shar-
ing one arithmetic unit among all the
modules. This, in general, is a very good
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way to check out the programs, and I
hope to do this on one machine or another.

Chairman Levonian: From Mr. F.
Heart, Lincoln Laboratories: ‘“What other
pattern-type problems beside letter recog-
nition have you considered?”’

S. H. Unger: This is quite interesting.
First of all we are considering a variety of
miscellaneous-type problems that defy
description. There is one problem perhaps
as significant sounding as any, as it is the
closest to the counting problem, where you
have a wierd configuration of ones and zeros
originating from implied figures, and you
wish to count the number as isolated blocks,
even blocks within blocks, multipulse,
etc. The way we have adopted the prob-
lem to this machine is that we have at-
tempted to find a program which will
result in a single point being selected on
every independent figure, if you can do this
after doing the shift out of the machine,
and count the points. I have been able
to do this. In fact, as I mentioned before,
there were two important steps in this
particular program which had me stymied
for a while, but it can be done, although it
is a fairly complicated operation if the figure
is to be considered in its most general sense
without putting constriction on the number
that is, the wheels within wheels, so to
speak.

Chairman Levonian: Mr. R. Solomonoff,
Zator Company asks, “Could you give any
idea of how the machine recognizes rota-
tional and dilational invariances?”

S. H. Unger: As far as rotational in-
variance is concerned, it is not too well
adapted to this, and we can recognize a
figure if it is rotated within a reasonable
amount, 25 degrees once turned upside down.
T feel that this is something new, recogniz-
ing a new figure, and the machine can be
programmed to do just this, but it is hard
for me to go into a description of just how
it is done.

As for dilation invariances, I gather
that you mean distortion in size and rela-
tive proportion. If there is no strain at
all here, the machine does not count things,
it worksin a qualitative way.

Chairman Levonian: The first question
for Mr. Holloran is from Mr. E. S. McCol-
lister, ElectroData: “The machine de-
scribed presumably would rent for about
$1,000 per month or more. Why do you
think that it would compete favorably with
a punched-card installation of approx-
imately the same cost and presumably of
greater versatility? Are you assuming the
need for a ledger card in business record
keeping?”’

Thomas P. Holloran: I am sure that the
sales organization of our companies will be
arguing this for some time. I am assuming
that many people use ledger cards, and I
would like to find some means of mechanizing
them. This machine will appeal to some
people, but as to whether it is economically
preferable to punched-card operation in one
particular operation or another, I think
would require analysis. I am sure that
our sales people will be doing this. I
cannot give a more accurate answer to such
a question.

Chairman Levonian: Here is a question
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from Jerry Svigals, IBM, who asks, “How
is the magnetic surface protected from po-
tential damage resulting from manual
handling? For example, creasing, dirt
pickup, and scratching of the oxide coat,
etc.?”

Thomas P. Holloran: The actual coating
is a secret that is almost kept from me by our
research department. We have been using
these cards for quite some time, not only
in the laboratory, but for commercial use,
that is, actual commercial work cards.
We have found that they do stand up well
under the conditions encountered in offices,

Chairman Levonian: The next question
is from J. Rogers, ElectroData: ‘“What
about speeds, arithmetic transfers, and
actual cost?”’

Thomas P. Holloran: As to the cost, I
will have to give you the usual answer, see
our sales force.

Concerning speed, during the last portion
of the cycle the accounting machine is
essentially self-controlled and the computer
is free at this time to perform mathematical
operations. The approximately 250 milli-
seconds available at this time makes pos-
sible a time-sharing of computation and
printing such that the machine appears to
be printing at full speed in most posting
operations.

Chairman Levonian: The next question
is from George Spangler, ElectroData:

“How are the data represented on the mag-

netic strip?”’

Thomas P. Holloran: The data on the
magnetic strip are in serial form. Both
the digits and the coding of the digits are
serial, and variable word length is used, so
a 2-digit word is recorded as a 2-digit plus
word symbol. Therefore many data can be
recorded on this strip.

Chairman Levonian: Mr. R. W. Mec-
Clendon, Librascope Inc., asks, “How do
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alphabetic data get on to output if memory
and ledger card handles only numeric data?”’

Thomas P. Holloran: The alphabetic is
only on output if in printed form. On the
typewriter that you saw, the typewriter
keyboard mechanically prints on the docu-
ments that are in the carriage at that time.
The alphabet is not machine processed.

Chairman Levonian: The next question
is from A. A. Cohen, Remington Rand
Univac: “Did you state how programs are
inserted into the machine? By what ap-
proximate factor does this machine multiply
the output ability of one operator relative
to the conventional accounting machine?”’

Thomas P. Holloran: They can be by
any means that we can use for getting
data into a machine from the keyboard,
magnetic ledger cards, paper tapes, or
punch cards.

Concerning the second portion of the
question about the approximate factor of
multibility, one operator, and this does
not imply that the machine is now no longer
doing the work that the previous accounting
machine could have done; for example,
the accounting machine does not multiply
or make decisions that are very complex and
it does not divide. The answer appears to
be that the one operator appears to be
approximately the same, but doing so
much more efficiently, thus the reduction
in mistakes, as well as the simplicity of the
operation is actually making money for the
company.

Chairman Levonian: P. Smaller, Ampex
Corporation asks, “Is the read head on the
magnetic signal of standard design?”’

Thomas P. Holloran: If you mean, is
this a commercially available item, no.
It is a head of our own design, using ferrites,
as we did not need high density or wear
resistance, - It is quite conventional in
structure.

Chairman Levonian: Mr. M. L. Lesser
IBM. asks,- ‘Do the. relatively permanent
data on the magnetic strip stay throughout
the operation, or are.they all taken into the
internal memory and rewritten on out-
put?”’

Thomas P. Holloran: Your second as-
sumption was correct.

Chairman Levonian: Mr. S. H. Dins-
more, Bendix Computers asks, “What is the
speed of reading the magnetic record?”

Thomas P. Holloran: This is approxi-
mately ten digits per second. On one of
the prototypes we are considering changing
this to approximately 100 digits per second.

Chairman Levonian: -Mr. H. K. Flesch,
I.T.T. Laboratories asks: “Did you mean
600-digit-per-second punched tape input?
If so, why so fast, compared to 18-digit-
per-second punched card input?”

Thomas P. Holloran: This is an interest-
ing question: VYes, I did mean 600 per
second. It does seem strange, but when
using paper tape, a characteristic of the
tape is that data on the tape remains in the
same sequence as if it were punched.
When we wish to make a record and form
accumulative operations by certain cate-
gories, and in order to obtain a report, we
scan data in successive passes, and it
is necessary to read the tape extremely
fast. Inorder to have useful output speed,
we perform this type of work.

Chairman Levonian: Mr. McCollister,
ElectroData asks, ‘““Are multiple docu-
ments prepared in one operation, ie.,
check payroll register and ledger?”’

Thomas P. Holloran: Ves, they are. All
of the documents in the carriage of the
machine at one time by a carbonless re-
producing process, developed by our com-
pany, causes the imprinting of several
documents at once.
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